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ABSTRACT 


A  total  of  131  California  quail  ( Lophortyx  calif ornicus) 
were  collected  by  hunting  and  trapping  from  four  study  areas  in 
the  Okanagan  Valley  of  British  Columbia  during  the  summers 
of  1965  and  1966.  All  of  these  birds  were  examined  for  helminths 
and  ectoparasites,  The  following  species  were  found  parasitizing 
California  quail:  two  tapeworms,  Rhabdometra  odiosa  and 
Choanotaenia  infundibulum,  one  nematode.  Acuaria  spinosa,  two 
Mallophaga,  Goniodes  stefani  and  Colinicola  docophoroides,  a 
hippoboscid  fly,  Ornithomyia  fringillina,  and  a  tick , Haemaphy salis 
leporispalustris .  R.  odiosa  and  Co,  docophoroides  were  recovered 
from  quail  from  all  areas;  the  other  parasites  were  less  common 
and  more  restricted  in  distribution,  Ch.  infundibulum, 

A.  spinosa,  and  0.  fringillina  have  never  been  reported  from 
California  quail  before.  Overall  extensity  and  intensity  for 
R.  odiosa  from  adult  California  quail  were  53 .8  per  cent  and 
13.5  respectively;  from  juvenal  quail,  45,8  per  cent  and  22,4; 
for  Ch,  infundibulum  from  adult  quail  the  extensity  and  intensity 
were  1,5  per  cent  and  2;  from  juvenal  quail,  9,7  per  cent  and 
1,7,  The  overall  percentage  of  adult  quail  infected  with  Co „ 
docophoroides  was  6.2;  for  juvenal  quail  40,3.  Only  3  specimens 
of  G,  stefani  were  recovered,  Only  one  specimen  each  of 
0,  fringillina  and  H,  leporispalustris  was  taken. 

Brain  tissue  from  all  of  the  adult  female  and  juvenal 
quail  collected  was  analyzed  by  the  Ontario  Research  Foundation 
for  the  following  pesticide  residues:  heptachlor,  heptachlor 


' 


epoxide,  dieldrin,  DDT,  its  metabolites  DDE  and  DDD ,  lindane, 
endrin,  and  methoxychlor .  In  addition  11  samples  of  eggs  and 
ovaries  with  preovulatory  follicles  were  analyzed  for  the 
above  pesticides.  So  far  only  the  analyses  of  the  1965  samples 
have  been  received.  No  methoxychlor  residues  were  found  in 
any  of  these  samples,  lindane  and  endrin  were  found  in  one 
bird  each,  and  the  others  were  present  in  most  of  the  birds 
analyzed.  The  ovaries  and  eggs  had  concentrations  of  pesticides 
about  three  times  as  high  as  the  brain  tissue  of  the  corres¬ 
ponding  birds.  All  pesticide  values  were  low.  The  average 
overall  total  pesticide  value  from  adult  females  from  the 
sprayed  areas  was  0.6  p.p.m.;  for  juveniles  it  was  0.4  p.p.m. 

The  highest  total  residue  value  from  any  one  individual  was  1.8 
p.p.m. 

There  was  no  evidence  that  any  of  the  parasites  or  pesti¬ 
cides  caused  any  detrimental  effect  on  any  of  the  California 
quail  in  the  study  areas,  although  a  few  birds  had  levels  of 
dieldrin  as  high  as  or  higher  than  that  reported  by  Labisky  and 
Lutz  (1967)  in  a  pheasant  that  showed  symptoms  of  pesticide 


poisoning . 
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INTRODUCTION 

The  Okanagan  Valley,  a  relatively  broad,  irregularly  shaped 
depression  between  the  Columbia  and  Cascade  Mountain  Ranges  in 
south  central  British  Columbia,  extends  from  Salmon  Arm  south 
to  the  internation  border.  Most  of  the  valley  is  located  in 
either  the  Dry  Forest  Biotic  Area  or  the  Osoyoos^Arid  Biotic 
Area  as  defined  by  Munro  and  Cowan  (194  7)  « 

The  Osoyoos-Arid  Biotic  Area  extends  from  the  north  end 
of  Skaha  Lake  south  to  the  international  boundary  and  is 
characterized  by  mild  winters,  hot  summers,  and  an  average 
annual  precipitation  under  8  inches  (Munro  and  Cowan,  1947; 

Cowan  and  Guiguet,  1965) ,  This  area  extends  altitudinally 
from  the  valley  floor  up  to  1,000  feet  (Cowan  and  Guiguet,  1965) . 

The  Dry  Forest  Biotic  Area,  which  includes  nearly  all  the 
remainder  of  the  Okanagan  Valley,  is  found  north  of,  and 
altitudinally  above  the  Osoyoos-Arid  Biotic  Area  (Munro  and 
Cowan,  1947) ,  This  biotic  area  is  characterized  by  mild  winters, 
hot  summers,  and  an  average  annual  precipitation  of  between  8 
and  16  inches  (Cowan  and  Guiguet,  1965) , 

The  soil  in  both  of  these  biotic  areas  is  fertile.  With 
irrigation,  fruit  trees  grow  well  on  these  soils,  and  fruit  is 
the  main  agricultural  crop  in  the  Valley.  Most  of  the  orchards 
around  the  Okanagan  and  Skaha  Lakes  are  located  on  benchlands 
that  are  composed  of  silt  loam  soils  (Bowman,  1950) « 

The  first  apple  trees  in  the  Okanagan  Valley  were  planted 
in  1862  by  the  Oblate  Fathers  at  the  Okanagan  Mission,  just 
southeast  of  Kelowna  (Fisher,  1964) ,  Between  1862  and  1890 
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some  more  trees  were  planted  by  stock  ranchers  north  of 
Kelowna,  in  the  Kelowna  district,  and  in  Penticton  (Fisher,  1964), 
The  first  commercial  plantings  were  made  in  1892  (Bowman,  1950) 
at  the  flats  near  Kelowna  (Fisher,  1964) , 

At  this  time  (early  1890’s)  there  were  20,000  cattle  in 
the  area  between  Osoyoos  and  Enderby  (Bowman,  1950)  and  dairy 
products  were  the  main  agricultural  product.  There  is  still  a 
fair  amount  of  cattle  grazing  done  above  the  orchard  lands, 
but  it  is  mostly  beef  cattle  now. 

Between  1900  and  1914  there  was  a  rapid  expansion  of 
commercial  orchard  cultivation  on  the  irrigated  benchlands 
(Bowman,  1950).  In  1960  there  were  some  32,792  acres  of  orchards 
in  the  Okanagan  and  Similkameen  Valleys  (Fisher,  1964)  ,  In 
the  Okanagan  Valley  orchards  are  found  from  just  north  of  Vernon 
south  to  the  international  border  (Fisher,  1964), 

All  orchards  in  the  Similkameen  and  Okanagan  Valleys  are 
irrigated.  In  the  Penticton  area  most  of  the  irrigation  is 
done  by  sprinklers  which  are  fed  by  water  carried  from  mountain 
reservoirs  down  to  the  orchards  by  flumes.  In  the  Oliver  area 
most  of  the  orchards  are  sprinkler  irrigated  by  water  pumped 
from  the  Okanagan  River. 

As  early  as  1910,  just  after  the  orchards  in  the  Okanagan 
Valley  had  become  firmly  established,  some  growers  were  spraying 
for  aphid  and  blister  mite  control  (Bowman,  1950) .  In  most  cases 
a  dormant  spray  (a  spray  applied  before  the  buds  have  opened) 
of  lime-sulphur  was  the  only  form  of  control  used  (Bowman, 

1950).  In  the  early  1930's  lead  arsenate  was  the  common  orchard 
spray  used  against  codling  moths  ( Carpoeapsa  pomonella) 
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(Bowman,  1950) .  By  1940  most  orchards  had  excessive  arsenical 
residues  from  the  lead  arsenate  sprays  and  so  cryolite  (sodium 
aluminum  fluoride) ,  supplemented  by  a  nicotine  ~  bentonite  ~ 
summer  oil  mixture,  was  used  in  its  place  (Bowman,  1950) .  In 
1945  phenothiazine  was  used  against  codling  moths;  this  was 
replaced  in  1947  by  DDT  (chemical  names  for  this  and  other 
pesticides  are  given  in  Table  I)  (Bowman,  1950) ,  Now  azinophos- 
methyl,  or,  to  a  lesser  extent  Sevin  or  Diazinon  have  replaced 
DDT  for  codling  moth  control  (Fisher,  1964)  ,  DDT  is  still  used 
for  certain  pests,  such  as  the  oystershell  scale  (Lepido  saphes 
ulmi)  and  peach  tree  borers  ( Sanninoidea  spp»)  (B,  C,  Spray 
Calendar,  1966) . 

For  the  control  of  mites  rotenone  and  monethanolamine  were 
used  until  1948  when  these  miticides  were  replaced  by  Parathion 
(Bowman,  1950) ,  Now  Kelthane,  tetradifon,  Ethion,  or  Karathane 
are  most  commonly  recommended  for  the  control  of  these  pests 
(B.  C.  Spray  Calendar,  1966), 

The  pesticides  most  commonly  used  at  present  in  the  orchards 
of  the  Okanagan  Valley,  in  decreasing  order  of  importance  are: 
azinophos-methyl ,  tetradifon,  DDT,  Kelthane,  Cyprex,  Sevin, 
Thiodan,  Ethion,  Perthane,  Diazinon,  Binapacryl,  Malathion, 
Morestan,  and  dieldrin  (R.  Sparke,  1964,  in  letter  to  V.  Lewin) . 

In  the  1950's  DDT  was  applied  at  rates  that  may  have  totalled 
up  to  40  to  60  lbs/acre/year  (Genelly  and  Rudd,  1956) ,  Now  only 
about  25  lbs/acre/year  of  50  per  cent  wetable  powder  is  normally 
used  (B,  C,  Spray  Calendar,  1966),  This  amounts  to  about  12.5 
lbs/acre/year  of  pure  DDT,  At  present,  on  the  average,  the 
total  amount  of  pesticides  used  throughout  the  entire  valley 
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is  26.3  lbs/acre/year  (R,  Sparke  in  letter  to  V.  Levin) , 

Of  the  commonly  used  pesticides  listed  above ,  Sevin  is  a 
persistent  carbamate  which  has  a  low  acute  toxicity  (Martin, 

1961) ;  Binapacryl  is  a  non-persistent,  fairly  dangerous  dinitro 
organic  compound  (Canada  Department  of  Agriculture,  1966) ; 

DDT  and  dieldrin  are  persistent  chlorinated  hydrocarbons  which 
can  be  harmful  to  wildlife  (Martin,  1961;  Rudd,  1964)  ;  and 
Kelthane,  Tedion,  and  Perthane  are  persistent  chlorinated  hydro¬ 
carbons  which  have  low  acute  toxicities  (Martin,  1961)  , 

Of  these  only  DDT,  its  metabolic  breakdown  products  (DDD 
and  DDE) ,  and  dieldrin  could  be  analysed  for  by  the  Ontario 
Research  Foundation  (where  the  analyses  were  done)  (W.  Stevens, 
pers,  comm.).  Also  analysed  for  were  heptachlor,  its  metabolite 
heptachlor  epoxide,  lindane,  endrin,  and  methoxychlor , 

Heptachlor  is  a  persistent  chlorinated  hydrocarbon  which 
can  be  extremely  dangerous  to  wildlife  '(Rudd,  1964) ,  It  is  not 
one  of  the  recommended  sprays  for  pest  control  in  the  Okanagan 
Valley  (B.  C,  Spray  Calendar,  1966), 

Lindane  is  a  somewhat  persistent  chlorinated  hydrocarbon 
(Fernald  and  Shepard,  1955)  which  is  dangerous  to  warm-blooded 
animals  (Martin,  1961) ,  This  insecticide  is  used  sparingly  on 
young,  non-bearing  trees  (B,  C,  Spray  Calendar,  1966), 

Endrin,  an  isomer  of  dieldrin,  is  also  a  persistent 
chlorinated  hydrocarbon  (Spector,  1956)  which  is  even  more 
toxic  than  dieldrin  to  wildlife  (Martin,  1961) ,  This  insecticide 
is  not  among  those  recommended  for  use  in  the  Okanagan  Valley 
(B.  C,  Spray  Calendar,  1966), 

Methoxychlor ,  a  chlorinated  hydrocarbon,  is  not  persistent 
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(Spector,  1956)  and  is  not  nearly  as  toxic  to  wildlife  as  DDT 
when  used  at  the  recommended  dosages  (Reid,  1951) „  Although  not 
used  on  commercial  orchards  (B9  C ,  Spray  Calendar,  1966),  it 
was  at  one  time  considered  as  a  replacement  for  DDT  (Bowman, 

1950;  Reid,  1951)  0 

All  of  the  insecticides  that  were  analysed  for  affect  the 
nervous  tissue,  and,  with  the  exception  of  methoxychlor ,  are 
stored  in  the  body  fat  of  animals  (Martin,  1961;  Spector,  1956)  . 

There  are  four  main  types  of  sprayers  used  in  the  Okanagan 
Valley.  The  conventional  handgun  sprayer  achieves  almost  perfect 
coverage  of  orchard  trees  and  can  cover  from  3  to  5  acres/day 
(Bowman,  1950) .  This  was  the  sprayer  used  by  the  orchardist 
on  study  area  number  1,  Speed  sprayers,  which  can  cover  up 
to  15  acres/day,  operate  by  discharging  insecticides  into  a 
high  volume  air  stream,  spraying  to  both  sides  simultaneously 
(Bowman,  1950) .  Concentrate  sprayers  are  similar  to  speed 
sprayers,  but  they  achieve  better  coverage  on  the  top  of  the 
trees  (Bowman,  1950) ,  This  is  now  the  most  common  type  of 
sprayer  used  in  the  valley  (Fisher,  1964) ,  and  was  the  type 
used  by  the  owner  of  study  area  number  2,  The  fourth  type  of 
sprayer  is  a  steam  sprayer,  which  is  a  concentrate  sprayer  that 
atomizes  liquid  insecticides  by  means  of  a  high  velocity  steam 
blast  (Bowman,  1950) »  All  of  these  sprayers  are  fairly  selective, 
and  deposit  most  of  the  spray  on  the  trees  rather  than  on  the 
cover  crop  beneath  the  trees  (Bowman,  1950) ,  Even  with  these 
sprayers,  however,  concentrations  of  DDT  on  the  cover  crop  foliage 
between  orchard  trees , immediately  after  spraying,  may  be  as  high 
as  600  p,p„m.  (Reid,  1951) , 
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There  have  been  reports  of  considerable  mortality  among 
ground  dwelling  birds  in  the  orchard  areas  of  British  Columbia 
and  Washington  (Barnett,  1950),  There  has,  however,  been  no 
noticable  decline  in  the  reproductive  success  of  the  species 
concerned  (Genelly  and  Rudd,  1956)  ,  Bowman  (1950)  found  that 
sprayed  orchards  in  the  Okanagan  Valley  had  37  per  cent  fewer 
birds  than  did  non-sprayed  orchards.  The  sprayed  orchards 
were  sprayed  with  DDT,  Parathion,  and,  on  an  experimental 
basis,  methoxychlor  Bowman  thought  most  of  the  difference  in 
bird  populations  between  the  two  types  of  orchards  was  caused  by 
the  cutting  of  the  cover  crop  between  the  trees  and  by  the 
disturbance  of  men  and  equipment  in  the  sprayed  orchards.  He 
did  find,  however,  11  dead  or  'sick'  birds  in  the  sprayed  orchards 
none  were  found  in  the  non-sprayed  orchards.  No  California 
quail  ( Lophortyx  calif ornious )  were  seen  by  Bowman  in  any  of  his 
study  areas.  In  the  Okanagan  Valley  there  has  also  been  some 
mortality  of  ring-necked  pheasants  ( Phasianus  colchicus)  (Rye, 
in  Bowman,  1950) , 

Although  California  quail  (Fig,  1)  were  introduced  on 
Vancouver  Island  as  early  as  1860  or  1861  they  were  not  intro¬ 
duced  into  the  lower  mainland  of  British  Columbia  (the  Fraser 
Valley  area)  until  the  1890 's;  further  introductions  were  made 
near  Nicola  (in  the  southern  interior  of  British  Columbia)  in 
1908  and  1910  (Carl  and  Guiguet,  1958) ,  The  Nicola  birds  may 
have  spread  southward  to  populate  the  Similkameen  Valley  areas 
(Carl  and  Guiguet,  1958),  The  first  introductions  into  the 
southern  Okanagan  Valley  were  made  about  1900  (Taverner,  1934) 
and  further  introductions  into  this  area  were  made  in  1912 
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Fig,  1,  California  quail  (adult  male  above,  adult 
female  below) . 
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(Lewin,  1965) ,  Birds  in  the  Oliver-Osoyoos  area  may  have  been 
derived  from  birds  moving  southward  from  Penticton  (Lewin,  1965) , 
or  from  birds  moving  northward  from  Washington  state  (Munro 
and  Cowan,  1947) , 

At  present  California  quail  are  found  on  Vancouver  Island 
from  Comax  south  to  Victoria,  rarely  in  the  Fraser  Valley,  from 
Vernon  south  to  the  international  border  in  the  Okanagan  Valley, 
and  from  Hedley  south  to  the  international  boundary  in  the 
Similkameen  Valley  (Lewin,  1965;  Carl  and  Guiguet,  1958;  Guiguet, 
1961) ,  There  is  also  an  isolated  population  near  Sidley,  British 
Columbia  (Lewin,  1965)  ,  The  present  range  of  California  quail 
in  the  southern  Okanagan  Valley  is  shown  in  Fige  20 

Very  little  has  been  done  on  the  general  biology  of  the 
California  quail  in  British  Columbia,  The  following  information 
is  mainly  from  studies  done  elsewhere,  mostly  in  California, 

California  quail,  like  all  North  American  quail,  are  ground 
dwelling  birds,  but,  unlike  most  quail,  they  normally  roost  each 
night  in  trees  or  tall  shrubs  (Bent,  1932)  ,  Except  during  the 
nesting  season,  when  the  birds  are  in  pairs,  California  quail 
form  coveys  of  from  10  to  200  birds  (Edminster,  1954)  .  The  size 
of  the  covey  appears  to  be  governed  by  food  supply  and  the  proper 
type  and  spacing  of  habitats  providing  shelter  (Edminster,  1954) . 
The  coveys  usually  break  up  into  pairs  in  March  in  California 
(Bent,  1932) ,  In  British  Columbia  most  pairs  are  formed  by 
the  end  of  May  or  early  June  (personal  observations) , 

California  quail  are  ground  nesters,  most  nests  being 
placed  under  dense  shrubs  or  concealed  in  grass  or  weeds 
(Leopold,  1959)  ,  These  birds  are  persistent  in  their  nesting 


11 


Fige  2.  Map  showing  location  of  study  areas  and  range 
of  California  quail  in  the  southern  Okanagan 
Valley«  The  range  of  California  quail  is  based 
on  Lewin  (1965) • 
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activities,  and  a  high  percentage  of  the  females  will  attempt 
to  renest  if  the  first  nest  is  unsuccessful  (Emlen  and  Glading, 
1945) ,  This  helps  account  for  the  wide  spread  in  the  age  of 
young  birds  found  in  a  given  area  in  the  fall,  as  has  been 
reported  from  Washington  state  (Jewett,  Taylor,  Shaw  and  Aldrich, 
1953) ,  and  was  observed  in  the  Okanagan  Valley  during  the  course 
of  this  study.  The  peak  of  the  nesting  period  is  usually  in 
May  or  early  June  in  British  Columbia  (personal  observations) , 

The  average  clutch  is  14  eggs  (Lewin,  1963)  ,  Renests,  however, 
average  fewer  eggs  (Edminster,  1954),  The  incubation  period 
is  22  days  (Lewin,  1963)  ,  Usually  only  one  brood  is  reared 
each  year  (Bent,  1932) ,  but  there  is  some  evidence  that  during 
rainy  years  in  arid  areas  two  broods  may  be  raised  (Leopold, 

1959),  In  Chile  (where  it  is  also  an  introduced  bird)  California 
quail  are  reported  to  rear  two  broods  each  year  (Johnson,  1965)  , 
Young  quail  can  run  and  hide  from  enemies  from  almost  the  moment 
of  hatching  and  can  fly  a  short  distance  at  about  10  days  of  age 
(Bent,  1932) . 

California  quail  are  predominantly  herbivorous;  only  one 
to  three  per  cent  of  their  food  consists  of  animal  matter 
(Grinnell,  Bryant  and  Storer,  1918;  Glading,  Biswell  and  Smith, 
1940) »  In  one  study  done  in  California  the  average  amount  of 
animal  food  found  in  the  crop  contents  was  0,5  per  cent.  In  the 
spring,  however,  it  was  noticed  that  pre-nesting  females  ate  about 
four  per  cent  animal  matter  (Glading,  Biswell  and  Smith,  1940)  . 
Young  quail,  up  to  about  six  weeks  of  age,  eat  about  33  per  cent 
animal  food  but,  even  at  this,  they  consume  much  less  matter  than 
do  most  young  gallinaceous  birds  (Edminster,  1954)  ,  California 
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quail  are  very  regular  in  their  feeding  habits  and  usually  frequent 
the  same  feeding  areas  time  after  time  (Bent,  1932) ,  They  usually 
feed  in  clearings  or  in  areas  of  sparse  vegetation  (Emlen  and 
Glading,  1945),  There  are  two  main  feeding  periods;  one 
beginning  shortly  before  sunrise  and  lasting  for  about  two  hours, 
and  the  other  from  about  two  hours  before  sunset  until  roosting 
time,  just  after  sunset  (Glading,  Biswell  and  Smith,  1940)  e  The 
feeding  during  the  evening  period  is  usually  more  intense  than 
the  one  during  the  morning  (Glading,  Biswell  and  Smith,  1940) . 
During  the  middle  of  the  day  California  quail  usually  congregate 
near  the  drinking  places  or  else  rest  in  the  shade  of  trees  and 
shrubs  in  the  loafing  areas  (Bent,  1932)  , 

California  quail,  as  a  rule,  are  sedentary  birds.  At 
eight  weeks  old  the  average  size  of  the  home  range  for  the  young 
birds  in  the  covey  is  between  10  to  30  acres.  The  winter  covey, 
which  has  the  widest  home  range  of  all,  usually  stays  within  an 
area  of  25  to  50  acres,  though,  if  molested  or  suffering  from 
an  acute  food  shortage,  may  move  as  much  as  two  miles  (Edminster, 
1954)  , 

The  overall  distribution  of  California  quail  is  limited  by 
a  combination  of  temperature,  snow,  and  aridity  (Edminster,  1954)  e 
They  must  have  daily  access  to  water  in  some  form  (Emlen  and 
Glading,  1945) ,  They  do  not  occur  in  areas  that  have  more  than 
40  inches  of  precipitation  per  year  as  snow  (Lewin,  1965)  .  They 
are  not  adapted  to  living  in  freezing  temperatures  (Edminster, 

1954) ,  During  the  winter  of  1964~1965  in  the  Okanagan  Valley 
when  the  temperature  fell  below  ~20°C  for  a  few  days,  there  were 
several  reports  of  California  quail  suffering  from  frozen  feet 
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(D,  Spalding ,  pers,  comm„)  » 

The  following  habitat  features  are  necessary  for  good 
populations  of  California  quail:  low  trees  or  tall  shrubs  amid 
intervening  areas  of  open  ground  with  low  herbaceous  plants, 
patches  of  dense  shrubs  for  escape  cover  and  daytime  loafing, 
and  water  within  daily  reach  (Pough,  19  57)  .  Any  farming 
operations  that  create  broad  expanses  of  single  vegetation 
types  (such  as  extensive  orchards)  are  not  favorable  to  California 
quail  (Emlen  and  Glading,  1945) .  In  the  Okanagan  Valley,  this 
species  is  closely  associated  with  orchards  and  irrigated  lands 
(Lewin,  1965) ,  especially  around  the  edges  of  such  areas  (personal 
observations) , 

Except  for  the  studies  done  by  O’Roke  (1928  and  1932)  on 
Haemoproteus  lophortyx ,  a  blood  protozoan,  Herman  and  Chattin 
(1943)  on  coccidiosis,  and  Krogsdale  (1950)  on  Rhabdometra  odiosa, 
which  is  the  only  cestode  species  that  has  been  previously 
reported  from  these  birds, very  little  has  been  done  on  the  para¬ 
sites  of  California  quail , 

The  following  species  of  nematodes  have  been  reported  from 
California  quail:  Syngamus  trachea  by  Herman  (1945),  Capillaria 
oontorta  by  Kasimov  (1956),  Habronema  inaerta  by  Cram  (1934), 
Ascaridia  lineata  by  Wehr  (1933),  and  Lophortofilaria  californiensis 
by  Wehr  and  Herman  (1956),  Of  these,  only  L,  californiensis  has 
been  found  in  natural  populations  of  quail. 

The  following  species  of  lice  have  been  reported  from 
California  quail:  Colinioola  docophoroides  by  Emerson  (1951), 
Lagopoeaua  gambeli  by  Spencer  (1957) ,  Goniodes  stefani  by 
Emerson  (1964)  ,  and  G.  ovoidalis  by  Malcomson  (1960)  , 
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The  following  species  of  hippoboscid  flies  have  been  reported 
from  California  quail  by  Bequaert  (1957) :  Stilbometopa  impressa 
and  Lynchia  hirsuta* 

Ticks  of  the  species  Haemaphy sails  leporispalustvis  and 
Avgas  miniatus  have  been  previously  reported  from  California 
quail  (Bishopp  and  Trembley,  1945)  , 

Mites  have  also  been  reported  from  California  quail 
(Edminster,  1954) , 

No  studies,  except  for  the  present  study,  one  by  Spencer 
(1957)  on  lice  of  British  Columbia  birds,  and  one  now  in  progress 
by  Eugene  Liburd  on  coccidiosis,  have  ever  been  done  on  California 
quail  in  British  Columbia, 

The  present  study  was  concerned  with  the  helminths  and 
ectoparasites  of  California  quail,  their  effects  on  the  birds, 
and  the  effects  of  certain  pesticides  on  wild  populations  of 
this  species, 
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METHODS 

Four  study  areas  were  selected;  two  of  these  were  in  sprayed 
orchards.  In  one  of  these,  study  area  number  2,  it  appeared 
that  the  owner  had  not  been  spraying  because  of  extensive  frost 
damage  to  his  apricot  trees  earlier  that  year.  This  area  was 
then  abandoned  as  it  was  felt  that  birds  should  be  collected  from 
an  actively  sprayed  orchard  in  order  to  properly  assess  the  effects 
of  pesticides  on  California  quail.  The  second  orchard  area,  study 
area  number  1,  was  selected  to  overcome  this  problem.  The  third 
study  area  was  near  sprayed  orchards  and  the  fourth  study  area, 
which  served  as  an  imperfect  control,  was  in  a  non-sprayed  area. 

All  California  quail  were  secured  by  hunting  or  trapping. 

The  traps  were  similar  to  those  described  by  Lewin,  1963.  All 
of  the  traps  were  baited  with  canary  seed.  Traps  were  kept  in 
operation  in  each  of  the  study  areas  throughout  the  two  summers. 
Traps  were  checked  at  least  once  a  day,  usually  during  the  evening. 
During  the  trap  checking  periods,  any  quail  seen  were  collected 
by  shooting.  Any  quail  trapped  were  then  removed  from  the  traps 
and  were  kept  alive  overnight  in  a  burlap  sack  and  then  killed  by 
thoracic  compression  (by  squeezing  the  ribs  just  below  and  behind 
the  wing  insertion)  and  autopsied  the  following  morning.  All 
birds  that  were  shot  were  autopsied  as  soon  as  possible. 

All  birds  were  examined  qualitatively  for  external  parasites 
by  carefully  looking  through  the  feathers.  Very  light  infection 
would  probably  be  missed  by  this  procedure,  but  it  is  assumed 
that  this  method  would  give  a  usable  index  to  the  population  of 
lice  on  the  different  study  areas.  All  external  parasites  were 
killed  and  preserved  in  75%  alcohol.  They  were  later  prepared 
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by  dissolving  everything  but  the  chitin  in  cold  KOH  for  24  hours, 
washing  in  water,  dehydrating  in  ethyl  alcohols  of  increasing 
concentration  and  clearing  in  carbol  xylene  and  xylene.  They 
were  then  mounted  in  balsam. 

All  birds  were  examined  quantitatively  for  internal  parasites. 
Nematodes  were  relaxed  in  warm  water,  then  fixed  and  preserved 
in  AFA  (alcohol-acetic  acid-formaldehyde  mixture) .  All  nema¬ 
todes  were  later  cleared  in  creosote  for  study.  Cestodes  were 
also  relaxed  in  water  and  then  fixed  and  preserved  in  AFA.  A 
representative  sample  from  each  infected  bird  was  later  stained 
with  Erlich's  Haematoxylin ,  Chubb's  Haematoxylin ,  Horen's  Tri¬ 
chrome,  or  Semichon's  Acetocarmine  and  mounted  in  balsam. 

All  adult  females,  juveniles,  ovaries  with  preovulatory 
follicles,  and  the  single  oviducal  egg  recovered  were  analyzed 
for  pesticides  by  the  Ontario  Research  Foundation  for  the 
Canadian  Wildlife  Service.  All  analyses  were  done  by  gas  liquid 
chromatography;  the  results  were  confirmed  by  thin  layer  chroma¬ 
tography.  The  pesticides  analyzed  for  were:  heptachlor,  its 
metabolite  heptachlor  epoxide,  dieldrin,  methoxychlor ,  endrin, 
lindane,  DDT,  and  its  metabolic  breakdown  products  DDD  and  DDE. 

As  all  birds  were  eviscerated,  and,  as  the  amount  of  body  fat  on 
California  quail  is  very  low,  nearly  all  of  the  residue  analyses 
were  done  on  brain  tissue;  a  few  were  done  on  breast  muscle 
tissue,  but  these  are  not  included  in  the  average  residue  values 
reported  here . 

On  most  birds  an  emaciation  index  (Cornwell  and  Cowan,  1963) 
was  taken  on  the  breast  muscle.  This  index  is  the  depth  of  the 
breast  muscle  one  centimeter  from  the  sternum  expressed  as  a 
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percentage  of  the  depth  of  the  muscle  at  the  sternum.  The 
method  of  killing  trapped  birds  (thoracic  compression)  in  no  way 
altered  the  breast  muscle  placement  or  contour.  The  emaciation 
index  reflects  the  general  condition  of  the  bird;  the  higher 
the  index  value,  the  better  is  the  condition  of  the  bird. 

Indices  calculated  from  the  breast  muscle  contour  diagrams  of 
bobwhite  quail  in  Leopold  (1933)  suggest  that  emaciation  index 
values  higher  than  100  indicate  excellent  condition;  values  from 
75  to  100  good  to  excellent  condition;  values  from  50  to  75  fair 
to  good  condition;  values  from  25  to  50  poor  to  fair  condition, 
and  that  birds  with  values  below  25  usually  die. 

All  juvenal  birds  were  aged  by  primary  feather  replacement 
(Raitt,  1961) . 

Observations  were  made  on  the  number  of  young  in  each  study 
area  and  from  this  a  rough  calculation  of  the  number  of  young 
per  brood  was  made  as  an  indicator  of  the  reproductive  success 
of  the  species  in  each  of  the  study  areas. 

Nomenclature  for  birds  follows  the  A.O.U.  checklist,  5th 
edition  (1957)  for  nearctic  species  and  follows  Vaurie  (1959  and 
1965)  for  palearctic  species;  lice  are  named  according  to 
Emerson  (1964) ;  the  nomenclature  for  the  helminth  parasites 
follows  that  used  by  Yamaguti  (1959;  1961). 

In  the  text  no  distinction  is  made  between  adults  and 
yearlings  (those  in  an  "immature"  plumage) ,  although  the  two 
classes  are  distinguished  in  Appendix  II. 
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DESCRIPTION  OF  STUDY  AREAS 

The  approximate  location  of  each  of  the  four  study  areas, 
along  with  the  range  of  California  quail  in  the  southern 
Okanagan  Valley,  is  shown  in  Fig,  2. 

Study  area  number  one  (Fig.  3)  is  a  sprayed  orchard 
located  four  miles  north  of  Penticton  on  the  east  side  of 
Okanagan  Lake,  It  is  approximately  30  acres  in  size  and 
contains  10  acres  of  mature  orchard  and  about  two  acres  of  non¬ 
producing  trees.  The  mature  orchard  is  made  up  mainly  of  apple 
and  pear  trees,  but  with  a  few  apricot,  peach,  and  cherry  trees. 
This  study  area  is  located  in  the  Dry  Forest  Biotic  Area,  The 
bushes  in  the  gully  at  one  end  of  the  study  area  (Fig,  4)  and 
along  the  flume  provide  good  escape  cover  for  California  quail. 

The  brush  piles  in  the  gully  (Fig,  5)  also  provide  good  escape 
cover.  Using  the  criteria  of  Emlen  and  Glading  (1945)  ,  this 
area  would  be  considered  fair  habitat  for  quail.  Quail  were 
collected  from  this  area  from  the  end  of  July  until  mid 
September  in  1965,  and  from  mid  May  until  mid  September 
in  1966,  One  additional  specimen  was  collected  in  May,  1965. 

Study  area  number  two  (Fig,  6) ,  also  a  sprayed  orchard,  is 
located  4  miles  south  of  Penticton  on  the  east  side  of  Skaha 
Lake,  The  orchard  area,  about  30  acres  in  extent,  is  composed 
mainly  of  apricot  trees,  with  a  few  peach  and  cherry  trees. 

The  entire  study  area  is  about  145  acres  in  size.  Several  brush 
piles  are  located  at  the  edge  of  the  orchard  areas  (Fig,  7), 

The  several  large  rock  outcrops  in  this  area  have  shrubs  and  trees 
growing  around  their  bases  (Fig.  8).  They  provide  good  escape 
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cover  and  loafing  areas  for  California  quail,  This  study  area 
is  located  at  the  edge  of  the  Osoyoos-Arid  Biotic  Area,  It 
would  be  considered  fair  to  good  habitat  for  California  quail 
(Emlen  and  Glading,  1945),  Birds  were  collected  from  this 
area  from  mid  May  to  the  end  of  July  in  1965  and  in  May  in  1966, 
Study  area  number  three  (Fig.  9)  is  an  area  adjacent  to 
sprayed  orchards  on  the  levee  about  6  miles  south  of  Oliver, 

All  California  quail  were  collected  at  least  1/4  mile  from  the 
nearest  orchard.  Several  brush  piles  (Fig,  10)  and  the  riparian 
growth  at  the  edge  of  the  levee  (Fig,  11)  and  around  the  numerous 
pools  left  after  the  levee  had  been  built  provide  good  habitat 
for  California  quail.  However,  the  open  or  orchard  areas  are 
too  extensive  for  this  entire  area  to  be  considered  good  quail 
habitat;  most  of  it  would  be  classed  as  poor  California  quail 
habitat  (Emlen  and  Glading,  1945) ,  This  study  area  is  located 
in  the  Osoyoos-Arid  Biotic  Area,  California  quail  were  collected 
from  this  area  from  the  end  of  June  to  the  end  of  August  in 
1965  and  during  July  and  August  in  1966, 

Study  area  number  four  (Fig.  12) ,  located  2-1/2  miles  north 
and  2  miles  west  of  Oliver,  is  in  a  non-sprayed  area  about  4  miles 
from  the  nearest  sprayed  orchard.  This  area  is  in  the  Dry  Forest 
Biotic  Area,  Most  of  the  area  is  covered  with  ponderosa  pine, 
with  shrubs  and  deciduous  trees  near  the  stream,  and  with  a  few 
open  areas  (Fig,  13)  and  brush  piles  (Fig,  14)  scattered  through¬ 
out,  This  area  would  be  classed  as  marginal  for  California 
quail  (Emlen  and  Glading,  1945) .  Specimens  were  collected  from 
this  area  from  mid  June  to  mid  August  in  1965,  No  California 
quail  were  collected  from  this  area  during  the  summer  of  1966, 
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Fig,  3,  Map  of  vegetation  types  and  trap  locations  on 


study  area  1. 
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Fig.  4.  Bushes  in  the  gulley  at  the  north-west  corner 
of  study  area  1.  Areas  such  as  these  provide 
good  escape  cover  for  California  quail. 


Fig.  5.  Brush  piles  in  the  gulley  at  the  north-central 
part  of  study  area  1,  Brush  piles  also  provide 
good  escape  cover  for  California  quail. 
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Fig.  6.  Map  of  vegetation  types  and  trap  locations  on 


study  area  2, 
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Fig.  7.  Brush  piles  at  the  north  end  of  study  area  2. 


Fig,  8,  Shrubs  and  trees  growing  around  rock  outcrop  at 


the  west  end  of  study  area  2, 
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Fig  .  9 


.  Map  of  vegetation  types  and  trap  locations  on 


study  area  3. 
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Fig.  10.  Brush  piles  on  the  north  end  (east  side  of 
levee)  of  study  area  3, 


Fig,  11,  West  side  of  levee,  near  the  north  end  of  study 


area  3, 
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Fig 0  12.  Map  of  vegetation  types  and  trap  locations 
on  study  area  4 , 
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Fig,  13,  Open  area  at  north-west  corner  of  study 
area  4 , 


Fig o  14,  Brush  piles  in  study  area  4, 
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RESULTS  AND  DISCUSSION 

A  total  of  137  California  quail  were  collected;  106  in 
the  summer  of  1965  and  31  in  the  summer  of  1966,  The  raw  data 
from  each  bird  autopsied,  giving  sex,  age,  weight,  capture 
data  for  each  bird,  the  parasites  found,  and  the  amount  of 
pesticide  residues  found,  are  tabulated  in  Appendix  II,  Table 
II  gives  the  number  of  adult  male,  female  and  juvenal  California 
quail  collected  from  each  area.  All  birds  were  autopsied  for 
parasites;  only  adult  females  and  juveniles  were  analyzed  for 
pesticide  residues.  The  number  of  samples  that  could  be  analyzed 
prevented  doing  all  of  the  adult  birds.  Females  rather  than 
males  were  analyzed,  as  the  preovulatory  ovaries  are  known  to 
concentrate  pesticide  residues,  and  these  pesticide  residues, 
via  concentration  in  the  ova,  are  passed  on  to  the  next  genera¬ 
tion.  If  the  ovarian  concentrations  are  high  enough  hatching 
success  may  be  reduced  (Genelly  and  Rudd,  1956)  , 
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Table  II,  Number  of  adult  male,  female  and  juvenal  California 
quail  collected  from  each  study  area  during  the 
summers  of  1965  and  1966  ,* 


Area 

1 

1 

2 

2 

3 

3 

4 
4 


Year 

1965 

1966 

1965 

1966 

1965 

1966 

1965 

1966 


Totals 


Adult  males 

Adult  females 

Juveniles 

7 

3 

34 

4 

5 

3 

18 

9 

5 

1 

1 

0 

4 

3 

15 

5 

2 

10 

2 

1 

5 

0 

0 

0 

41 

24 

72 

*  The  discrepency  between  the  number  of  adult  male  and 
female  quail  collected  from  each  area  in  1965  and  the 
number  of  pre-nesting  adults  in  each  area  (Table  XXIV) 
is  accounted  for  by  the  immigration  of  individual  quail 
into  these  areas  from  the  immediate  surrounding  areas  during 
the  collecting  regime. 
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Parasites 

Two  species  of  cestodes,  Rhabdometra  odiosa  and  Choano taenia 
infundibulum,  one  species  of  nematode,  Acuaria  spinosa,  two 
species  of  lice,  Goniodes  stefani  and  Colinioola  dooophoroides , 

one  species  of  louse  fly  (Hippoboscidae) ,  Ornithomyia  fringillina , 
and  one  species  of  tick,  Haemaphy salis  leporispalustris ,  were 
collected  from  California  quail  during  this  study ,  The  records 
of  C.  infundibulum,  A .  spinosa,  and  0.  fringillina  are  apparently 
the  first  from  California  quail,  The  percentage  of  infected 
birds  and  the  mean  number  of  parasites  per  infected  bird  for 
each  parasite  are  given  in  Table  III, 

Lagopoeous  gambeli,  previously  collected  from  California 
quail  by  Spencer  (1957)  was  not  found  in  this  study,  nor  were 
mites , 

Rhabdometra  odiosa  (Leidy,  1887)  Jones,  1929, 

This  parasite  was  collected  from  California  quail  from 
all  four  study  areas,  All  mature  specimens  of  this  cestode 
were  collected  from  the  posterior  part  of  the  small  intestine. 

A  scolex,  mature  segment,  and  gravid  proglottid  of  this 
species,  drawn  from  specimens  collected  in  this  study,  are 
shown  in  Fig,  15, 

R.  tomioa,  from  Eurasian  grouse,  is  very  similar  to  R. 
odiosa.  Table  IV  gives  the  morphological  characteristics  of 
the  specimens  examined  from  California  quail  and  of  R.  odiosa 
and  R,  tomioa  from  various  published  descriptions, 

Jones  (1929) ,  while  realizing  the  two  species  were 
morphologically  similar,  felt  that  they  could  be  separated  on 
the  basis  of  range,  as  R,  tomioa  was  confined  to  Eurasia  and 
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Table  III.  Parasite  infection  levels  in  adult  and  juvenal  quail. 
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Fig,  15, 


(b)  mature 


Rhabdometra  odiosa .  (a)  scolex, 

segment,  (c)  gravid  segment. 


4 


Table  IV.  Morphological  characteristics  of  Rhabdometra  odiosa  and  Rhabdometra  tomiea . 
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R o  odiosa,  at  that  time,,  was  known  only  from  the  south¬ 
eastern  United  States,  Swales  (1939) f  who  found  sharp-tailed 
grouse  (Pedio  eoetes  phasianellus )  from  Quebec  infected  with 
R„  odiosat  proposed,  however,  that  R ,  tomioa  be  considered  a 
synonym  of  R „  odiosa  "in  spite  of  the  difference  in  the 
geographical  distribution  and  hosts,  which  do  not  appear  to  be 
valid  reasons  for  retaining  R.  tomioa  as  a  separate  species  in 
the  face  of  the  morphological  data".  As  is  evident  from  Table 
IV,  R.  tomioa  is  nearly  identical  with  R,  odiosa  and  actually 
differs  much  less  from  this  species  than  it  does  from  R,  t, 
kivikowi ,  a  subspecies  of  R „  tomioa  from  Eurasia 9 

The  hiatus  in  range  between  i?„  odiosa  and  R.  tomioa  is 
now  known  to  be  less  than  6,000  miles  -  from  south-western 
Canada  to  east-central  Asiaa  The  host  species  for  both  R a 
odiosa  and  R,  tomioa  are  given  in  Table  V,  Even  with  the  gap 
in  distribution,  and  even  though  R , odiosa  was  not  collected 
from  a  fairly  large  series  of  ptarmigan  ( Lagopus  spp,)  In  Alaska 
(Babero,  1953) ,  it  appears  that  R,  tomioa  and  R,  odiosa  cannot 
be  separated  morphologically  and  thus  should  be  considered 
conspecif ic „ 

Nothing  is  known  about  the  life  history  of  R ,  odiosa 0  I  saw 
shed  proglottids  move  towards  a  source  of  light.  They  did  not 
move  as  fast  nor  as  far  as  those  of  Choano taenia  infundibulum, 
though.  This  migration  suggests  that  the  intermediate  host  is 
not  a  dung-feeder. 

Although  R0  odiosa  was  found  from  all  four  study  areas, 
the  infection  levels  were  quite  different  (Table  VI)  *  The  two 
areas  with  the  highest  infection  levels  are  irrigated  orchards, 
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Table  V,  Hosts  of  Rhabdometra  odiosa  and  Rhabdometra  tomica , 


Rhabdometra  odiosa 


Host  species 


Locality  collected  Reference 


Sharp-tailed  grouse  Quebec  Swales,  1934 

(Pedioeoetes  phasianellus ) 


Blue  grouse 

( Dendragapus  obsaurus 

Bobwhite  quail 

(Colinus  virginianus) 

California  quail 

( Lophortyx  California  us ) 

Gambel 1 s  quail 

(Lophortyx  gambelii ) 

Mountain  quail 

(Oreortyx  p ictus ) 


Washington 

S,  E  e  United  States 

Washington,  S? 
British  Columbia 

Nevada 

Washington 


Schottelius,  1951 

Jones,  1929 

Krogsdale,  1950, 
present  study 

Gullion ,  1957 
Krogsdale,  1950 


Rhabdometra  tomica 


Host  species 


Locality  collected  Reference 


Willow  ptarmigan  ) 

(Lagopus  lagopus )  ) 

) 

Black  grouse  ) 

( Lyrurus  tetrix)  ) 

) 

.  Hazel  grouse  ) 

( T etrastes  bonasia)  ) 

) 

Capercaillie  ) 

(Tetrao  urogallus )  ) 

) 

Black-billed  capercaillie  ) 

(Tetrao  parviro stris )  ) 


Novosibirsk,  ) 

Kemerovo ,  Mordovska , ) 

Kazakhstan,  Ostrov  ) Kasimov,  1956 
Sakhalin  and  Sy  Ural) 
mountains  ) 


Painted  partridge 

(Francolinus  pictus) 


Calcutta  Zoo, 
India 


Southwell,  1930 


> 
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Table  VI „  Extensity  and  intensity  of  infection  with  Rhabdometra 
odiosa  in  California  quail,  from  each  study  area , 


Adults 


Males 

Females 

Juveniles 

Overall 

Area 

1 

No,  collected 

10 

8 

37 

55 

Extensity 

80 , 0% 

75.0% 

75.7% 

76.4% 

Mean,  intensity 

3.4 

10,7 

23,0 

16,9 

Range  in  intensity 

1-7 

1-27 

1-69 

1-69 

Area 

2 

No  0  collected 

19 

11 

5 

35 

Extensity 

68,4% 

36.4% 

60.0% 

54.3% 

Mean  intensity 

19.7 

21.5 

16.7 

19.6 

Range  in  intensity 

2-56 

3-50 

5-25 

2-56 

Area 

3 

No.  collected 

9 

5 

25 

39 

Extensity 

22  ,  2% 

20,0% 

4.0% 

10,3% 

Mean  intensity 

1,5 

p 

p 

1.5 

Range  in  intensity 

1-2 

p 

•? 

• 

1-2 

Area 

4 

No,  collected 

2 

1 

5 

8 

Extensity 

50,0% 

0,0% 

0,0% 

12,5% 

Mean  intensity 

1 

- 

1 

Range  in  intensity 

1 

- 

- 

1 

■ 


• 

• 

• 

\ 
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the  two  areas  with  low  infection  levels  are  non-irr igated 
areas.  Thus  infection  level  appears  to  be  correlated  with 
moisture,  as  was  suggested  by  Krogsdale  (1950) ,  There  were, 
however,  more  quail  in  areas  1  and  2  (Table  XX)  and,  as  mentioned 
by  Dogiel  (1~964)  ,  higher  population  densities  of  host  species 
may  lead  to  higher  infection  levels.  However,  the  covey  size 
and  home  range  of  the  coveys  from  the  four  areas  were  essentially 
the  same,  California  quail  were  seen  only  in  restricted  parts 
of  areas  3  and  4,  whereas  they  were  observed  in  nearly  all  parts 
of  areas  1  and  2,  Thus  population  density,  as  such,  does  not 
appear  to  be  the  cause  of  the  higher  infection  levels  observed 
in  areas  1  and  2, 

The  overall  monthly  infection  rates  in  adult  and  juvenal 
quail  are  shown  in  Table  VII,  The  monthly  infection  rates 
showed  a  similar  pattern  for  each  year  taken  separately.  The 
differences  in  infection  rates  in  adult  quail  may  be  due  to 
moisture  differences  as,  in  both  years,  there  was  more  rain 
in  May  and  September  than  in  midsummer.  The  infection  levels 
in  juvenal  quail,  are  due  in  part  to  differences  in  age,  since 
very  young  quail  are  not  often  infected  (Table  VIII) ,  However, 
even  from  any  one  area  in  any  one  month,  juvenal  quail  taken 
showed  a  considerable  spread  in  age,  While  there  may  be  a 
general  increase  in  infection  level  with  age,  the  general 
increase  in  infection  level  from  midsummer  to  fall  is  much  more 
evident  (compare  Fig,  16,  showing  monthly  infection  levels 
with  Fig,  17,  showing  infection  levels  according  to  age) ,  The 
earlier  and  faster  rise  of  the  infection  levels  in  the  juveniles 
from  areas  1  and  2  than  in  those  from  areas  3  and  4  suggest  that 


- 

< 


. 


Table  VII.  Monthly  infection  rates  of  Rhabdometra  odiosa  in  adult  and  juvenal  California 
quail  (both  years,  all  areas) s 
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Table  VIII,  Per  cent  of  juvenal  California  quail,  according 

to  age,  infected  with  Rhabdometra  odiosa , 


Age  in  weeks 

Number  examined  Per  cent  infected 

1 

1  0,0 

2 

1  0,0 

3 

0 

4 

3  33,3 

5 

11  18.2 

6 

7  57,1 

7 

16  18.2 

8 

5  20,0 

9 

7  71,4 

10 

15  80.0 

11 

3  33.3 

12 

2  100 

13 

1  100 
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Fig,  16.  Monthly  infection  levels  of  juvenal  California 

quail  with  Rhabdometra  odiosa ,  Birds  from  areas 
1  and  2  and  from  areas  3  and  4  are  treated 
separately. 


Fig,  17,  Infection  levels  of  juvenal  California  quail, 
according  to  age,  with  Rhabdometra  odiosa , 

Birds  from  areas  1  and  2  and  from  areas  3  and  4 


treated  separately. 


%  OF  BIRDS  INFECTED  _  %  QF  birds  INFECTED 


AGE  IN  WEEKS 


' 
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moisture  or  population  density  might  be  involved,  However, 
as  mentioned  above,  population  density  does  not  differ  between 
coveys  of  different  areas,  so  moisture  is  likely  the  factor 
involved . 

The  data  in  Table  VI  indicate  that  male  California  quail 
were  more  extensively  parasitized  with  B,  odiosa  in  each  of  the 
study  areas  (the  only  exception  being  in  study  area  1  in  1966 
when  three  of  four  males  and  four  of  five  females  were  infected) , 
The  overall  percentage  of  adult  male  California  quail  infected 
with  R ,  odiosa  was  69,4  per  cent;  that  for  female  quail  was 
44.0  per  cent.  Since  female  California  quail  eat  more  insects 
one  would  expect  that  the  females  should  be  more  extensively 
infected.  There  does  not  appear  to  be  any  significant  difference 
between  male  and  female  California  quail  in  the  intensity  of 
R o  odiosa  infection, 

Choano taenia  infundibulum  (Bloch,  1779), 

This  species  of  cestode  was  collected  from  California 
quail  from  only  one  study  area  (area  number  3) ,  All  mature 
specimens  of  Co  infundibulum  were  found  in  the  anterior  part 
of  the  small  intestine, 

A  scolex,  mature  segment  and  hook  of  this  species  are 
shown  in  Fig,  18, 

When  alive  these  tapeworms  are  waxy  white  in  colour, 

Table  IX  compares  the  specimens  collected  from  California 
quail  with  several  from  chickens  (lent  to  me  by  Dr,  M,  W,  Reid) 
and  with  published  descriptions  of  this  species, 

The  specimens  collected  from  California  quail,  while  not 
typical  for  the  species  in  all  characteristics,  fall  within  the 
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Fig,  18.  Choanotaenia  infundibulum.ia.)  scolex  (from 
Kasimov,  1956) ,  (b)  mature  proglottid  (from 

Southwell,  1930) ,  (c)  hook  (from  Kasimov,  1956)  „ 
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limits  of  variation  of  Ca  infundibulum  for  most  of  the 
characteristics  examined  (Table  IX) *  The  larger  sucker  size 
could  be  due  to  differences  in  fixation  and  preparation ,  The 
spines  on  the  suckers  were  probably  accidently  removed  during 
preparation;  such  spines  are  easily  lost,  The  low  hook  number 
can  also  be  similarly  explained.  The  hook  size  is  the  same  as 
the  sma  n4dt  measured  from  specimens  lent  to  me  by  Dr,  M,  W, 

Held,  The  cirrus  pouch  length  falls  within  the  range  given  for 
this  species  by  Skrjabin  (1914), aS  given  in  Matevosian  (1963). 

The  cirrus  pouch  is  extremely  variable  in  shape,  being  either 
elongated  (as  in  the  specimens  collected  from  California  quail) 
or  short  and  oval  (Matevosian, . 1963) ,  Thu©  the  specimen® 
collected  during  this  study  are  considered  to  be  C,  infundibulum , 

C%  infundibulum  has  been  recorded  from  the  following 
secondary  hostel  the  housefly  (Mu&oa  dom§§iioa)  ,  three  species 
of  grasshoppers  (Diat&m&ppha  viviii&t  Dixippus  moPOBuB  and 
Melanoplus  femuprubruin\j  one  species  of  termite  (RebiauloiBrmeB 
ft&Vipee) ,  and  numerous  species  of  beetles  from  the  following 
families j  SCarabaeidae,  Garabidae,  Alleculldae,  Staphylinidae , 
Qstomalidae,  Tenebrionidae,  Berifiestidae,  Gufculionidae,  and 
Dytiscidae  (Reid,  1962) e 

This  cestode  has  been  reported  from  a  wide  variety  of 
definitive  hosts,  most  of  them  galliformes i  prairie  chicken 
( Tympanuahue  oupido )  (Edminster,  1954) ,  hazel  grouse  ( Tetrastee 
bonasia ) ,  black  grouse  ( Lyurue  tetrix)  ,  capercaillie  ( Tetrao 
urogallus) ,  ruffed  grouse,  sharp-tailed  grouse  (Reid,  1962)  , 
barbary  partridge  {A  lea torie  barbara ) ,  red-legged  partridge 
{Ao  rufa)  f  common  partridge  ( Perdix  perdix) ,  common  quail 
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( Coturnix  coturnix)  ,  pheasant,  turkey  ( Melea'gris  gallopava)  , 
chicken  ( Gallus  gallus  domestious)  ,  tufted  guinea-fowl  ( Numida 
meleagris )  (Kasimov,  1956) ,  Chinese  francolin  ( Francolinus 
pintadeanus )  ,  Indian  peafowl  {Volvo  cristatus)  ,  lesser  kestrel 
{Falao  naumani)?,  black  kite  {Milvus  migrans) ,  dipper  {Cinclus 
einelus  ),  (Matevosian,  1963),  pigeon  {Columbia  sp,) ,  bustard 
{Otie  sp,),  carrion  crow  {Corvus  corone) ,  and  sparrow  {Ammospiza 
sp.)  (Yamaguti,  1959), 

The  extensity  and  intensity  of  C.  infundibulum  in  California 
quail  from  area  3  are  given  in  Table  X,  It  appears  that  there 
was  a  difference  in  the  infection  rate  between  the  two  years 
and  that  juveniles  are  more  often  infected  than  are  adults.  It 
also  appears  that  California  quail  are  not  the  major  hosts  of 
C,  infundibulum ,  There  is  some  chicken  raising  done  near 
area  number  3  and  the  chickens  may  be  the  source  of  infection, 
There  is  also  a  good  pheasant  population  in  this  area;  they  may 
also  form  a  source  of  infection,  but  no  California  quail  from 
area  number  2,  where  pheasants  are  also  common,  were  infected 
with  this  cestode. 

Aauaria  spinoaa  Cram,  1927, 

This  nematode  was  taken  only  in  1965  from  adult  California 
quail  from  area  2,  All  were  found  under  the  horny  lining  of 
the  gizzard, 

The  specimens  collected  from  California  quail  agree  in 
all  respects  with  the  description  given  by  Cram  (1927)  , 

A  head,  tail  of  a  female,  and  small  spicule  of  a  male  are 
shown  in  Fig,  19, 

The  intermediate  hosts  of  this  species  are  grasshoppers 
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Fig, 


19,  Aouavia  spinosa.  (a)  head 
(c)  small  spicule  of  male. 
Cram,  1927 , ) 


(b)  tail  of  female 
(All  figures  from 
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( Melanoplus  femurrubrum  and  Me  diffeventialis)  (Yamaguti, 

1961)  . 

The  definitive  hosts  recorded  for  this  species  are  ruffed 
grouse,  bobwhite  quail,  sharp^tailed  grouse  (Yamaguti,  19  61)  , 
sage  grouse  ( Centvooercus  urophasianus)  (Kasimov,  1956) ,  and 
blue  grouse  (Bendell,  1955), 

A.  spinosa  was  found  in  three  of  29  (10,4  per  cent)  adult 
birds  collected  from  area  2;  from  three  to  seven  (average  five) 
nematodes  were  recovered  from  each  of  the  infected  birds. 

California  quail  do  not  appear  to  be  the  major  hosts  for  this 
parasite,  Bobwhite  quail  are  considered  to  derive  their 
infections  from  ruffed  grouse  (Cram,  in  Stoddard,  1931)  „  Both 
ruffed  and  blue  grouse  were  seen  in  area  number  2,  and  may  be 
the  source  of  infection.  Ruffed  and  blue  grouse  were  also 
present  in  area  number  4  (where  the  one  ruffed  grouse  collected 
had  A .  spinosa) ,  but  none  of  the  California  quail  collected 
there  were  infected  with  this  parasite.  However,  few  California 
quail  occur  in  this  area  (none  were  present  in  1966)  and  only 
eight  were  examined,  thus  the  chances  for  finding  infections 
with  A,  spinosa  in  quail  from  this  area  were  too  low  to  draw 
any  conclusions  from  their  absence. 

Goniodes  stefani  Clay  and  Hopkins,  1955, 

All  three  specimens  of  this  louse  were  collected  in  1965 
from  quail  from  areas  1  and  3,  All  of  them  were  found 
infecting  the  nape  region,  They  were  determined  by  Dr,  K .  C, 
Emerson, 

This  louse  has  been  reported  from  both  California  and  Gambel’s 
quail  (Lophortysc  gambelii)  (Clay,  1940)  ,  It  appears  to  be  an 
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uncommon  parasite  in  this  region  since  only  three  California 
quail  (one  adult  and  two  juveniles)  were  found  infected , 

Colinioola  doaophoroides  (Piaget,  1880), 

This  species  was  collected  from  California  quail  from  all 
study  areas.  All  of  the  birds  that  were  infected  with  lice  had 
this  species.  One  specimen  was  found  on  the  nape,  all  the  others 
were  collected  from  the  primary  and  secondary  feathers  of  the 
wings.  The  intensity  of  infection  was  light  in  all  of  the 
infected  birds, 

A  representative  sample  of  specimens,  showing  extremes  in 
variation,  were  all  determined  as  this  species  by  Dr,  K,  C. 
Emerson, 

The  variation  noted  in  head  shape  is  shown  in  Fig,  20a, 
Variations  in  the  chaetotaxy  of  the  posterior  dorsal  pterothorax 
and  abdomen  are  given  in  Tables  XI  and  XII, 

The  male  genitalia,  which  are  diagnostic  for  this  species, 
are  shown  in  Fig,  21, 

The  female  of  this  species  is  similar  to  the  male,  but  the 
head  may  be  somewhat  more  elongated  and  does  not  have  segment  I 
of  the  antennae  enlarged  nor  segment  II  of  the  antennae  with  a 
projection  on  it  as  does  the  male  (Fig,  20b) ,  An  adult  female 
is  shown  in  Fig,  22, 

The  percentage  of  birds  infected  with  C.  doaophoroides  from 
each  of  the  study  areas  is  given  in  Table  XIII,  The  average 
infection  level  for  adult  California  quail  from  all  areas  was 
6.2  per  cent;  for  juvenal  quail  the  average  infection  level 
from  all  areas  was  40,3  per  cent.  From  Table  XIII  it  is  obvious 
that  there  is  a  difference  between  infection  levels  in  the 
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Fig.  20, 


Colinioola  dooophoroides , 

(a) 

head 

of 

male 

showing 

variation  in  shape 

(b) 

head 

of 

male 

(  left) 

and  female  (right)  . 
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Fig.  21.  Colinioola  doeophoroid.es, 

male  (x  300) . 


Fig.  22.  Colinioola  doeophoroides , 


Genitalia  of 


Adult  female 


(x  20)  . 
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juveniles  and  the  adults.  Adult  quail  can  rid  themselves  of 
lice  by  frequent  dust  bathing  (Emlen  and  Glading,  1945);  young 
juvenal  quail  do  not  dust  bathe  (Lewin,  pers,  comm,). 

The  apparent  difference  between  the  number  of  infected 
juveniles  from  different  study  areas  could  be  explained  by  the 
presence  of  pesticides  in  the  soil  of  areas  1  and  2,  It  has 
been  recognized  for  a  long  time  that  DDT  and  certain  other 
insecticides  were  useful  against  ectoparasites.  The  dusting 
of  infected  chickens  with  DDT  to  rid  them  of  lice  is  a  common 
practice.  Young  infested  swifts  ( Apus  apus)  dusted  with  DDT 
were  rid  of  all  of  their  ectoparasites  (Bannerman,  1955)  , 

Area  1  was  the  most  heavily  sprayed  of  all  of  the  areas;  area 
2  was  not  sprayed  in  1965  but  had  been  sprayed  on  previous 
years;  area  3  was  about  1/4  mile  from  the  nearest  spraying; 
area  4  was  not  sprayed,  Thus  it  appears  that  there  is  an 
inverse  correlation  between  the  amount  of  spraying  in  each 
area  with  the  level  of  infection  in  juvenal  quail  in  that  area, 
which  suggests  that  pesticides  present  in  the  orchard  soil, 
which  would  be  used  for  dust  bathing,  help  rid  the  birds  of  lice. 

It  is  not  known  why  the  adult  California  quail  from  area 
1  (22,2  per  cent)  were  the  only  ones  infected  with  C,  dooophoroides , 
There  does  not  appear  to  be  any  significant  difference 
in  the  monthly  infection  rates  of  adult  quail  during  the  summer 
months  as  is  shown  in  Table  XIV;  in  juvenal  quail,  however, 
there  does  appear  to  be  an  increase  in  the  percentage  of  infected 
birds  in  the  fall,  There  also  appears  to  be  a  peak  in  the 
infection  level  of  juvenal  quail  according  to  age  (Table  XV) , 

The  apparent  decrease  in  the  number  of  infected  older  juveniles 
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Table  XIV. 

Monthly  infection  levels  of  Colinioola 
doaophovoides  for  California  quail. 

Month 

Number  examined  Per  cent  infected 

Adults 


May 

16  6.3 

June 

16  6.3 

July 

16  0,0 

August 

16  6,3 

September  1  100 

Juveniles 


June 

2  0,0 

July 

15  46.7 

August 

47  34,0 

September  8 


87  05 


. 
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Table  XV.  Percentage  of  juvenal  quail,  according  to  age, 
infected  with  Colinioola  dooophoroid.es . 


Number  of  birds 
Age  in  weeks  examined _ 


Percentage  of  birds 
infected 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 


1 

1 

0 

3 

11 

7 

16 

5 

7 

15 

3 

2 

1 


0.0 


0.0 


66.7 

54.5 

85.7 

62.5 
40.0 

0.0 

20,0 

0.0 

50,0 

0,0 


. 

' 


. 

‘ 


(see  Table  XV)  is  likely  due  to  their  more  frequent  dust 
bathing . 
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Ornithomyia  fringillina  Curtis 
Only  one  specimen  of  this  hippoboscid  fly  was  collected . 

It  was  secured  from  a  juvenal  quail  from  area  number  4  in  1965, 
The  specimen  collected  agrees  with  the  description  by 
Bequaert  (1954)  in  every  detail,  with  the  exception  that  the 
wing  has  more  microtrichia  than  usual  (see  Fig,  23),  The 
general  appearance  of  this  fly  is  shown  in  Fig,  24. 

This  species  of  louse  fly  is  holarctic.  It  breeds  on 
galliformes,  certain  genera  of  passeriformes,  and  piciformes; 
it  has  been  recorded  from  a  total  of  107  North  American  species 
of  birds  (Bequaert,  1954)  , 

This  is  the  first  time  that  0,  fringillina  has  been 
recorded  from  California  quail,  and,  as  the  former  shows  a 
preference  for  a  temperate  climate  (170  of  177  collecting 
localities  were  north  of  36°  N  according  to  Bequaert,  1954)  , 
it  may  not  be  a  common  parasite  within  the  normal  range  of 
California  quail,  Both  blue  and  ruffed  grouse  (both  recorded 
as  hosts  for  0,  fringillina)  were  found  in  study  area  number  4, 
where  the  single  specimen  of  this  fly  was  collected?  these  may 
have  been  the  source  of  the  infection, 

Ha&maphyaalia  laporiapaluatria  (Packard,  1869)  , 

Only  one  specimen  of  this  tick  was  collected  which  came 
from  a  juvenal  California  quail  from  area  number  3  in  1965, 

It  agrees  with  the  description  of  the  nymph  of  this 
species,  the  form  most  often  found  Infecting  birds,  in  Nuttall 
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Fig„  23 o  Wing  venation  and  arrangement  of  microtrichia 
in  Or-nithomyia  fringillina ,  (a)  From  specimen 

collected  from  juvenal  California  quail  (b)  normal 
(from  Bequaert,  1954) , 
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Fig.  24, 


Qrnithomyia  fvingillina 0  Female,  In  this 
specimen  the  wings  have  been  removed  (x  10) , 
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and  Warburton  (1915) , 

Adults  of  this  species  are  normally  a  parasite  of  rabbits 
( Sylvilagus  spp„)  and  hares  ( Lepus  spp0).  The  nymphs  are 
commonly  found  on  ground  inhabiting  birds  such  as  grouse  and 
quail  and  have  been  found  infesting  California  quail  in  other 
areas , 
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Effects  of  Parasites  on  California  Quail 

In  general  California  quail  are  relatively  free  from 
serious  disease  or  parasitic  infections,  Few  natural  deaths 
have  been  confirmed  as  being  caused  by  disease  or  parasites; 
no  serious  epidemics  have  been  observed  (Edminster,  1954)  s  No 
dead  or  dying  California  quail  were  noticed  during  the  present 
study.  All  of  the  birds  collected  were  apparently  in  good  to 
excellent  condition. 

There  is  little  or  no  difference  in  the  emaciation  indices 
of  California  quail  with  R,  odiosa  as  compared  to  those  without 
this  parasite  (Table  XVI) ,  In  four  birds  a  slight  haemorrhagic 
area  in  the  small  intestine  was  noticed  at  or  near  the  site  of 
attachment  of  the  scolices  of  this  tapeworm.  Other  than  this, 
there  were  no  signs  of  Rt  odiosa  having  any  detrimental  effect 
on  California  quail  during  the  summer  months  in  the  Okanagan 
Valley . 

None  of  the  birds  infected  with  Choanotaenia  infundibulum 
showed  any  haemorrhagic  areas  or  lesions  in  the  small  intestine 
at  the  site  of  attachment  of  this  cestode,  nor  did  they  show 
reduced  emaciation  indices  (Table  XVI) ,  It  appears  that 
C .  infundibulum  has  little  or  no  effect  on  California  quail 
from  the  Okanagan  Valley  during  the  summer  months. 

There  was  no  visible  inflammation  of  the  gizzards  of  the 
three  California  quail  infected  with  Aouaria  epino&a  as  has 
been  reported  from  bobwhite  quail  (Cram,  in  Stoddard,  1931) , 

All  of  the  Infected  birds  were  collected  from  area  2  in  1965, 

The  average  emaciation  index  for  the  uninfected  birds  from  this 
area  was  100.0  (rang©  -  88  to  120);  the  average  emaciation  index 
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Table  XVI 9  Emaciation  indices  of  California  quail  infected  and  not  infected  with 
Rhabdometva  odiosa >f  Choanotaenia  infundibulum,  and  lice. 
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of  the  three  infected  birds  was  109,3  (range  ~  108  to  110)  » 

It  appears  that  A  „  spinosa  has  little  effect  on  the  California 
quail  of  the  Okanagan  Valley  in  the  summer.  However f  in 
bobwhite  quail,  heavy  infections  of  this  parasite  may  cause 
considerable  harm  (Cram,  in  Stoddard,  1931)  „  Thus  this  parasite 
may  be  potentially  harmful  to  the  California  quail  in  British 
Columbia , 

No  heavy  infestations  of  lice  ( Goniodes  stefani  and 
Colinioola  dooophor-oides )  were  noticed  among  the  birds  collected. 
The  average  emaciation  indices  of  infected  California  quail  do 
not  appear  to  be  reduced  (Table  XVI) ,  These  two  species  of 
lice  have  no  apparent  effect  on  the  Okanagan  Valley  California 
quail  during  the  summer. 

Only  one  specimen  of  Ornithomyia  fringill-ina  was  collected, 
suggesting  that  this  louse  fly  is  only  of  casual  occurrence  on 
California  quail  in  the  Okanagan  Valley,  This  species  may  be 
capable  of  transmitting  the  pathogenic  blood  protozoan 
Haemoproteus  lophortyx ,  as  are  several  other  species  of  louse 
flies.  Under  field  conditions  only  moderate  or  heavy  infections 
of  H .  lophortyx  would  be  noticed  (O'Roke,  1932)  ,  Birds  so 
infected  would  be  emaciated,  weakened  and  anemic  (O’Roke,  1932) 
and  would  probably  show  an  enlarged  black  spleen  and  pigmented 
liver  (O'Roke,  1928),  Specimen  C-40,  from  area  4,  where  0. 
fringillina  was  collected , was  somewhat  emaciated  (the  emaciation 
index  was  56)  but  did  not  show  any  of  the  other  symptoms;  none 
of  the  other  birds  showed  any  of  these  symptoms.  Unfortunately 
no  blood  smears  were  taken.  Further  work  on  the  incidence  and 
possible  importance  of  H  „  lophor'tyx  should  be  undertaken  in 


- 
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British  Columbia 9 

While  Haemaphy satis  leporispalustris  is  a  normal  parasite 
of  California  quail,  and  heavy  infestations  on  these  birds 
have  been  reported  in  California  (Bishopp  and  Trembley,  1945) , 
only  one  specimen  of  this  tick  was  collected  during  the  present 
study,  even  though  it  is  considered  to  be  the  most  abundant 
tick  in  Canada  (Hearle,  1938)  ,  The  normal  hosts  of  the  adult 
ticks  are  either  rabbits  or  hares,  none  of  which  are  common  in 
the  quail  habitats  studied.  The  white-tailed  jackrabbit  ( Lepus 
towns endi)  is  found  in  British  Columbia  only  in  the  non- 
irrigated  areas  near  Osoyoos  (Cowan  and  Guiguet,  1965) ;  none 
are  found  on  or  near  any  of  the  study  areas  selected e  The 
snowshoe  hare  ( Lepus  amerioanus )  does  not  normally  occur  in 
the  cultivated  areas  of  the  valley  (Cowan  and  Guiguet,  1965) . 
Several  Rocky  Mountain  cottontails  (S'y  Ivilagus  nut  tat  l  i)  were 
seen  in  the  area  where  the  single  specimen  of  Ho  leporispalustris 
was  collected.  These  were  probably  the  source  of  infection  for 
these  quail®  These  rabbits  (the  only  species  occurring  in  this 
region)  are  scarce  in  the  southern  interior  of  British  Columbia 
(Cowan  and  Guiguet,  1965) , 

Ho  leporispalustris  is  not  likely  to  have  any  detrimental 
effect  on  California  quail  in  the  Okanagan  Valley,  It  is, 
however,  a  potentially  serious  parasite  of  these  birds,  as  it 
is  capable  of  transmitting  tularemia  which  can  cause  the  death 
of  gallinaceous  birds  (Hearle,  1938)  ,  Heavy  infestations  on 
young  bobwhite  quail  have  caused  emaciation  in  the  birds  (Bishopp 
and  Trembley,  1945) » 

Other  species  of  helminths  or  ectoparasites  may  infect 
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California,  quail;  those  found  in  a  wide  range  of  North  American 
gallinaceous  hosts  would  be  the  most  likely.  Some  of  these, 
such  as  other  louse  flies  or  certain  species  of  Raillietina 3 
could  conceivably  have  a  detrimental  effect  on  California 
quail.  However ,  the  parasites  that  are  most  likely  to  harm 
these  birds,  such  as  blood  parasites  (especially  Haemoproteus 
lophortyx  and  Lophorto filaria  calif ovniensis)  and  intestinal 
protozoa  (such  as  coccid  ia),  were  not  investigated  in  this 
study . 


. 
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Pesticide  Residues 

A  total  of  105  tissue  or  egg  samples  were  sent  for  pesticide 
analyses;  78  of  these  were  collected  during  the  summer  of  1965, 

27  during  the  summer  of  1966 0  The  numbers  of  samples  from 
each  area,  for  each  year,  are  summarized  in  Table  XVII,  The 
report  from  the  Ontario  Research  Foundation  dealing  with  the 
residues  found  in  the  1966  samples  has  not  been  received 
as  yet. 

Of  the  pesticides  for  which  analyses  were  made,  metho- 
xychlor  residues  were  not  found;  lindane  and  endrin  residues 
were  found  in  one  bird  each;  and  dieldrin,  heptachlor,  hepta- 
chlor  epoxide,  DDT,  DDD ,  and  DDE  were  present  in  most  of  the 
birds  analyzed. 

All  residue  analyses  were  done  on  brain  tissue,  unless 
otherwise  noted.  DDT  levels  in  the  brain  tissue  and  liver 
tissue  of  the  closely  related  common  quail  ( Coturnix  ootuvnix ) 
were  found  to  be  quite  similar  (Table  XVIII)  in  a  recent  study 
by  Boykins  (1967)  .  The  average  and  actual  residue  values  of 
DDT,  DDE,  and  dieldrin  in  brain,  liver,  and  breast  muscle 
tissue  of  three  pheasants  that  were  analyzed  by  the  Ontario 
Research  Foundation  (report  ORF  65-4,  1965)  are  given  in  Table 
XIX.  From  this  table  it  appears  that  DDT  and  DDE  may  be 
accumulated  to  a  greater  extent  in  brain  tissue  than  in 
breast  muscle  tissue.  Dieldrin  may  be  accumulated  in  breast 
muscle  tissue  to  a  slightly  greater  extent  than  in  brain  tissue. 
In  nearly  all  cases  liver  tissue  accumulated  more  pesticide 
residues  than  did  either  brain  or  breast  muscle  tissue.  These 
values  suggest  that,  with  the  possible  exception  of  dieldrin, 
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Table  XVII.  California  quail  samples  submitted  for  analysis 

of  pesticide  residues. 


Area  1 

Area  2 

Area  3 

Area  4 

Sample  type 

1965  1966 

1965  1966 

1965  1966 

1965  1966 

Adult  females 

3 

5 

9 

1 

3 

2 

1 

0 

Juveniles 

34 

3 

5 

0 

13 

10 

5 

0 

Ovaries  and  eggs 

0 

6 

6 

0 

0 

0 

0 

0 

1 
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Table  XIX 


Pesticide  residues  in  parts  per  million  in 
brain,  liver,  and  breast  muscle  tissue  of 
pheasants  (from  Ontario  Research  Foundation 
Report  ORF  65-4) . 

DDE  DDT  Dieldrin 


Specimen  1 


Brain 

0.051 

— 

— 

Liver 

0 .145 

- 

0.005 

Breast 

muscle 

0.005 

0.005 

0.005 

Specimen  2 

Brain 

0.274 

0.417 

0.005 

Liver 

0.350 

0.456 

0.074 

Breast 

muscle 

0.033 

0.005 

0.005 

Specimen  3 

Brain 

0 

0.005 

0.005 

Liver 

0.085 

0.260 

0.037 

Breast 

muscle 

0.028 

- 

0.013 

Average 

Brain 

0.108 

0.144 

0.003 

Liver 

0.520 

0.289 

0.039 

Breast 

muscle 

0.022 

0.003 

0.008 

■ 
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the  values  obtained  from  the  brain  tissue  of  California  quail, 
although  somewhat  low,  are  good  indications  of  the  average 
pesticide  residue  values  for  the  entire  bird.  No  data  were 
available  on  tissue  storage  of  heptachlor  in  birds,  but  as 
it  is  also  a  chlorinated  hydrocarbon  that  is  accumulated  in 
fatty  tissue,  it  is  assumed  that  it  would  show  a  pattern  similar 
to  the  others.  As  all  of  these  pesticides  act  mainly  on  the 
nervous  tissue,  the  values  reported  here  may  be  more  meaningful 
than  those  given  for  other  tissues. 

Pesticide  residues  were  found  in  all  California  quail 
analyzed  from  study  1,  2,  and  3.  Only  two  birds  out  of  the 
six  analyzed  from  area  4  showed  traces  of  pesticide  residues. 
Thus,  area  4  can  serve  as  a  control  area  for  investigating  the 
effects  of  pesticides  (with  some  limitations,  as  this  area  is, 
at  best,  marginal  for  California  quail) . 

The  pesticide  residues  found  in  each  bird  analyzed  are 
given  in  Appendix  II.  In  all  cases  the  residue  values  are  low. 
The  average  monthly  and  the  overall  average  residue  values  found 
in  adult  female  and  juvenal  California  quail  from  each  area 
for  1965  are  tabulated  in  Tables  XX  and  XXII,  All  residue 
values  are  reported  in  parts  per  million.  For  each  pesticide 
the  average  residue  level  was  below  0.6  p.p.m.  for  each  study 
area,  and,  in  most  cases, was  below  0.3  p.p.m.  The  total  pesti¬ 
cide  residae  values  are  reported  as  equivalents  of  DDT,  on 
a  molecular  weight  basis,  in  parts  per  million.  In  all  cases 
the  average  total  residue  level  found  in  the  brain  tissue  was 
below  1.3  p.p.m.  and,  except  for  the  adult  females  collected 
from  area  1,  was  below  0.8  p.p.m.  In  most  cases  the  average 
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Table  XX.  Average  pesticide  levels  in  parts  per  million  from  the  brain  tissue  of  adult  female 
California  quail.  Total  residue  values  are  recorded  as  equivalents  of  DDT 
in  parts  per  million.  No  methoxychlor  or  lindane  was  found  in  any  of  the 
specimens  analyzed. 
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Table  XXI.  Average  pesticide  levels  in  parts  per  million  from  California  quail  breast 

muscle,  egg,  and  ovary  tissue.  Total  residue  values  recorded  as  equivalents 
of  DDT  in  parts  per  million.  No  endrin  or  methoxychlor  was  found  in  any  of 
the  specimens  analyzed. 
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total  pesticide  residue  was  below  0.5  p.p.m.  The  highest 
total  residue  from  an  individual  bird  was  1.8  p.p.m.  In 
all  cases  the  average  total  residue  level  in  juveniles  from 
each  sprayed  area  was  lower  than  those  from  adult  females  from 
the  corresponding  area. 

The  average  residue  levels  for  the  ovaries  and  the  single 
egg  collected  in  1965  are  given  in  Table  XXI,  The  average 
residue  level  is  2.5  p.p.m.  The  highest  total  residue  level 
from  a  single  ovary  with  preovulatory  follicles  was  5.4  p.p.m. 
(Appendix  II) »  In  all  cases  the  residue  levels  were  higher 
in  the  ovaries  than  in  the  birds  from  which  they  were  taken. 

In  most  cases  the  ovaries  had  three  times  as  much  pesticide 
residues  as  did  the  corresponding  brain  tissue. 

i 

While  a  comparison  between  the  different  areas  is  difficult, 
as  the  samples  were  not  taken  from  all  areas  at  the  same  time, 
it  does  appear  that  the  total  residue  levels  in  California 
quail  from  area  number  3  are  somewhat  lower  than  those  from 
areas  1  and  2.  California  quail  collected  from  area  1  also 
appeared  to  have  a  higher  total  residue  level  than  did  those 
from  area  2.  This  likely  reflects  the  spraying  differences  in 
these  two  areas  in  1965  as  noted  in  the  methods  section. 

DDT  was  applied  to  area  1  in  1965  and  1966  at  the  rate  of 
12  lbs  of  50  per  cent  wettable  powder  per  acre  (R.  Sparke,  in 
letter).  Only  one  application  was  made  each  year.  The  Calif¬ 
ornia  quail  collected  from  this  area  in  1965  had  DDT  residue 
values  from  0.0  to  0.814  p.p.m.  The  average  DDT  residue  value 
for  adult  females  from  this  area  in  1965  was  0.261  p.p.m.;  the 
average  DDT  residue  value  for  juveniles  was  0.153  p.p.m. 


; 


itaorlpj 
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In  area  2  there  appears  to  be  a  gradual  decrease  in  DDT 
residue  levels  from  May  to  July  with  a  corresponding  increase 
in  DDD  and  DDE  residue  levels  from  May  to  June,  As  DDD  and  DDE 
are  breakdown  products  of  DDT,  this  suggests  breakdown  of  DDT 
in  the  tissues  or  environment  without  replacement  of  the  DDT, 
and  probably  reflects  the  lack  of  spraying  in  this  area  in 
1965=  There  do  not  appear  to  be  any  significant  differences 
in  pesticide  residues  from  month  to  month  for  the  other  areas. 


' 
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Effects  of  Pesticides  on  California  Quail 

There  was  no  evidence  of  mortality  due  to  pesticides  in 

z 

the  orchards  during  the  present  study.  No  dead  or  dying  birds 
were  seen  in  any  of  the  study  areas;  all  birds  observed  behaved 
normally.  McEwan  and  Brown  (1966)  found  that  sharp-tailed 
grouse  fed  dieldrin,  if  given  a  lethal  dosage,  would  behave 
abnormally  for  as  much  as  several  days  before  dying.  Any 
widespread  or  significant  mortality  among  the  quail  would 
probably  have  been  preceded  by  a  marked  change  in  the  behavior 
of  certain  individual  birds.  The  California  quail  from  each 
study  area  were  under  observation  nearly  every  day,  but  no 
abnormal  behavior  was  noticed, 

Stickel,  Hayne,  and  Stickel  (1965),  among  others,  have 
reported  that  birds  containing  sublethal  doses  of  pesticides 
in  their  tissues,  if  starved,  show  pesticide  poisoning  symptoms 
before  dying.  Therefore,  during  the  summer  of  1966,  three 
juvenal  quail,  4  to  6  weeks  old,  collected  from  area  3,  were 
starved  to  death  to  see  if  the  pesticide  residues  in  their 
tissues  were  high  enough  to  cause  any  toxic  effects.  The  average 
total  residue  level  for  juvenal  quail  from  this  area  for  the 
summer  of  1965  was  0,2  p.p.m,,  with  a  range  from  0,01  to  0.6 
p.p.m.,  and  these  birds  may  have  had  a  similar  pesticide 
accumulation.  None  of  the  three  birds  showed  any  of  the  symptoms 
of  chlorinated  hydrocarbon  poisoning,  such  as  tremors,  uncoordi¬ 
nated  muscular  activity,  etc.  (Rudd,  1964),  before  their  death, 

8  to  11  days  later.  The  bodies  of  these  three  birds  were  among 
the  samples  sent  for  pesticide  analyses,  but  for  which  no  report 


has  been  received. 
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Dahlen  and  Haugen  (1954),  among  others,  have  demonstrated 
that  birds  fed  insecticides  lose  weight  (due  to  a  loss  of 
appetite)  and  that  the  weight  loss  is  generally  more  pronounced 
and  of  longer  duration  for  insecticides  administered  at  higher 
levels o  In  this  study  general  body  condition,  which  would 
reflect  such  a  weight  loss,  was  determined  on  each  California 
quail  collected  by  means  of  an  emaciation  index,  as  outlined  in 
the  methods  section.  The  average  emaciation  indices  for  adult 
and  juvenal  quail  from  all  areas,  for  both  years,  are  given  in 
Table  XXIII.  It  is  evident  that  the  general  condition,  as 
reflected  by  emaciation  indices,  of  California  quail  from  the 
sprayed  areas  (areas  1,  2,  and  3)  was  as  good  as  those  from  the 
control  area  (area  4) .  The  scatter  plot  of  total  pesticide 
residues  against  the  emaciation  indices  of  the  birds  analyzed 
is  shown  in  Fig.  25a.  The  regression  co-efficient  obtained 
from  this  scatter  plot  is  not  statistically  significant.  Scatter 
plots  of  individual  pesticides  against  emaciation  indices  are 
shown  in  Figs.  25-27.  None  of  the  regressions  are  significant. 

Heptachlor  residues  in  the  brain  tissue  of  California  quail 
reached  0.554  p.p.m.;  levels  of  heptachlor  epoxide  reached  0,194 
p.p.m.  In  comparison,  a  recent  study  found  that  woodcock 
( Philohela  minor)  collected  in  the  field  had  an  average  of  2.4 
p.p.m.  of  heptachlor  in  their  tissues,  a  level  below  that  toxic 
to  woodcock  (Stickel,  Hayne,  and  Stickel,  1965). 

In  a  recent  study  done  on  sharp-tailed  grouse,  dieldrin 
was  fed  to  captured  birds  which  were  then  released  and  observed 
by  radio  telemetry.  These  birds  were  later  collected  by  shooting. 
The  tissues  of  these  birds  (combinations  of  5  grams  of  each  of 
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Table  XXIII.  Average  emaciation  indices  of  adult  and  juvenal 

California  quail. 


Year 


Emaciation  index 

Number 

examined  Mean *  Standard  deviation 


Range 


Adults 


Area  1  1965 

1966 

Area  2  1965 

1966 

Area  3  1965 

1966 

Area  4  1965 

1966 

Juveniles 

Area  1  1965 

1966 

Area  2  1965 

1966 

Area  3  1965 

1966 

Area  4  1965 

1966 


8 

9 

23 

1 

5 

6 
3 
0 

34 

3 

2 

0 

13 

6 

2 

0 


97.4*6.03  91-112 

91.7*7.01  80-100 

100.4-9.48  87-120 

94.0-  - 

95.0*11.18  83-109 

91.0*10.25  75-106 

103.7*15.17  83-109 


93.0*8 .88 


83 .3*2 .62 


84.0-9.00 


73-112 

79-86 

75-93 


91.8*10.68  75-114 

83.6*6.67  75-92 

73.5*17.50  56-991 
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Fig.  25.  Scatter  plots  of  pesticide  residues  in  brain 

tissue  versus  emaciation  indices  of  California 
quail . 

(a)  Total  pesticide  residues.  All  values  are 
recorded  as  equivalents  of  DDT  in  parts  per 
million. 

(b)  Heptachlor  residues. 

(c)  Heptachlor  epoxide  residues. 
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Fig.  26.  Scatter  plots  of  pesticide  residues  of  brain 

tissue  versus  emaciation  indices  of  California 
quail . 

(a)  Dieldrin  residues. 

(b)  DDT  residues. 

(c)  DDD  residues. 
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Fig. 


27.  Scatter  plot  of  DDE  residues  in  brain  tissue 

versus  emaciation  indices  of  California  quail. 
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the  following  tissues:  brain,  heart,  kidney,  liver,  and  breast 
or  leg  muscle)  were  than  analyzed  for  pesticide  residues 
(McEwan  and  Brown,  1966) .  A  bird  with  0.4  p.p.m.  of  dieldrin 
in  its  tissues  showed  no  abnormal  behavior  until  collected, 

9  days  after  being  treated.  A  bird  with  0.6  p.p.m  appeared 
normal  for  9  days,  though  it  was  less  active  when  collected 
on  day  10.  A  bird  with  1.0  p.p.m,  acted  normally  for  6  days; 
this  bird  was  severely  injured  by  a  hawk  on  day  7  (McEwan  and 
Brown,  1966) .  In  another  study  a  pheasant,  which  showed  symptoms 
of  pesticide  poisoning  when  captured  alive,  was  found  to  contain 
0.10  p.p.m,  of  dieldrin  in  its  breast  muscle  (Labisky  and  Lutz, 
1967) .  Brain  tissue  appears  to  accumulate  dieldrin  to  a  slightly 
lesser  extent  than  breast  muscle  (Table  XIX) .  The  California 
quail  collected  had  dieldrin  residues  up  to  0,310  p.p.m.  in 
their  brain  tissue  (seven  out  of  the  16  birds  with  dieldrin 
residues  had  more  than  0,05  p.p.m,  dieldrin  in  their  brain 
tissue) .  Thus,  it  appears  that  dieldrin  could  be  toxic  to 
certain  individual  quail,  though  none  of  the  birds  collected 
showed  any  symptoms  of  pesticide  poisoning, 

DDT  and  its  metabolites  (DDD  and  DDE)  are  less  toxic 
than  dieldrin  to  warm-blooded  vertebrates  (Rudd,  1964),  One 
woodcock  fed  10  doses  (one  per  day)  of  100  mg/kg  body  weight 
of  50  per  cent  wettable  DDT  powder  and  then  fed  reduced  rations 
for  a  further  10  days  survived  the  treatment.  This  bird,  when 
analyzed  at  the  end  of  the  experiment  had  2.7  p.p.m.  of  DDT 
residues  in  its  tissues.  Two  other  woodcocks  had  47,1  p.p.m. 
(dosage  200  mg/kg)  and  7.9  p.p.m.  (dosage  500  mg/kg)  DDT  in 
their  tissues.  Both  of  these  birds  died  during  the  10  day 
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semi-starvation  period  (Stickel,  Dodge,  Sheldon,  Dewitt,  and 
Stickel,  1965).  The  levels  of  DDT  residues  found  in  California 
quail  reached  0.814  p.p.m.,  DDD  residues  reached  0.342  p.p.m., 
and  DDE  residues  reached  1.26  p.p.m.  The  last  two  are  less 
toxic  than  DDT  to  birds  (Rudd,  1964) .  These  residue  levels  are 
well  below  the  2.7  p.p.m.  found  in  the  woodcock  that  survived 
the  10  day  period  of  semi-starvation. 

Lindane  and  endrin  were  found  in  only  one  bird  each.  Neither 
are  commonly  used  on  the  orchards  in  the  Okanagan  Valley. 

No  methoxychlor  residues  were  found  in  any  of  the  birds 
analyzed.  However,  methoxychlor  is  not  readily  stored  in  fatty 
tissue  (Martin,  1961) ,  thus  the  absence  of  residues  does  not 
mean  that  these  birds  had  not  been  in  contact  with  this  pesticide. 
However,  it  is  even  less  toxic  than  DDT  to  warm-blooded  animals 
(Rudd,  1964) ,  and,  if  used  in  orchards  at  the  usually  recommended 
rates,  probably  would  not  cause  any  harmful  effects  to  California 
quail  or  other  bird  species  (Reid,  1951)  . 

Synergestic  effects  of  pesticides  on  California  quail 

The  synergestic  action  of  chlorinated  hydrocarbon  pesticides 
with  organophosphate  pesticides  can  be  extremely  dangerous 
(Frawley,  1965).  However,  as  no  analyses  for  the  presence  of 
organophosphates  in  the  blood  of  California  quail  could  be  made 
during  the  study,  the  effects  of  organophosphates  or  of  synergism 
between  these  two  classes  of  pesticides  on  these  birds  is  not 
known . 

Scatter  plots  of  pesticide  residues  versus  emaciation 
indices  of  the  birds  analyzed  were  made  to  test  the  possibility 
of  synergism  of  various  combinations  of  heptachlor  (and/or  its 
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epoxide),  DDT  (and/or  its  metabolites),  and  dieldrin  (Figs. 

28  and  29) .  All  residue  values  were  recorded  as  equivalents  . 
of  DDT  in  parts  per  million.  None  of  the  regression  co-efficients 
were  significant;  no  synergistic  effects  were  evident. 

Effects  of  pesticides  on  quail  populations. 

According  to  Emlen  and  Glading  (1945)  fair  to  good  quail 
habitat  (such  as  study  areas  1  and  2)  should,  in  the  pre-breeding 
season,  have  one  California  quail  per  5  to  15  acres;  poor  to 
marginal  quail  habitats  (such  as  areas  3  and  4)  should  have 
one  quail  per  15  to  100  acres.  The  actual  pre-nesting  population 
(from  personal  observations)  and  the  number  of  acres  per  bird 
for  each  area  in  1965  are  given  in  Table  XXIV.  It  is  evident 
from  the  table  that  the  actual  quail  population  for  each  of  the 
areas  is  what  would  be  expected  from  the  evaluation  of  the  type 
of  quail  habitat  present.  It  appears  that  the  pesticide  levels 
ingested  by  California  quail  are  insufficient  to  cause  any 
marked  reduction  in  the  populations  inhabiting  the  orchard 
areas  of  the  Okanagan  Valley. 

One  way  that  pesticides  could  reduce  quail  populations  is 
by  causing  sterility.  It  has  been  demonstrated  in  domestic  fowl 
that  sublethal  doses  of  pesticides  can  produce  sterility  in  the 
birds  so  treated  (Rubin,  Bird,  Green,  and  Carter,  1947)  ,  In 
this  connection  a  total  of  five  samples  of  ovaries  and  one  egg 
from  quail  collected  from  area  2  were  analyzed  for  pesticide 
residues.  It  is  interesting  to  note  that  from  one  bird  the 
ovary,  with  preovulatory  follicles,  had  a  total  residue  value 
of  1.3  p.p.m.  while  an  oviducal  egg  from  the  same  bird  had  a 
total  residue  value  of  3.8  p.p.m. 
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Fig.  28.  Scatter  plots  of  pesticide  residues  in  brain 

tissue  versus  emaciation  indices  of  California 
quail . 

(a)  Heptachlor  and  DDT  (with  their  metabolites) 
residues . 

(b)  Heptachlor  (with  its  epoxide)  and  dieldrin 
residues . 
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Fig.  29.  Scatter  plot  of  dieldrin  and  DDT  (with  its 

metabolites)  residues  in  brain  tissue  versus 
emaciation  indices  of  California  quail. 
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Table  XXIV.  Pre-nesting  populations  of  California  quail 


for  each  study  area 


Area 

Number  of  birds 

Number  of 

1 

6 

30 

2 

20 

150 

3 

14 

640 

in  1965. 

acres  Density  in  birds/acre 

1/45 
1/8 
1/40 
1/40 


4 


3 


125 
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Genelly  and  Rudd  (1956)  found  that  in  pheasants  a  DDT 
level  of  150  p.p.m.  in  the  egg  was  needed  before  any  significant 
decrease  in  viability  of  the  young  (to  6  weeks  of  age)  was 
noticed.  More  recently  Cooch  (1964)  reported  that  mallards 
( Anus  platyrhynahos)  laying  eggs  containing  only  2  p.p.m.  DDT 
had  significantly  lower  hatching  success.  However,  there 
probably  are  differences  among  bird  species  with  regard  to  the 
effect  of  DDT  on  hatchability ,  just  as  there  are  decided 
differences  in  the  susceptibility  to  pesticides  among  different 
species  of  birds  (Reid,  1951) .  As  California  quail  are  closely 
related  to  pheasants  and  occupy  similar  types  of  habitat,  the 
level  of  DDT  necessary  to  lower  the  reproductive  success  of 
quail  may  be  closer  to  that  of  pheasants  than  to  that  of  mallards. 
The  highest  DDT  residue  level  found  in  California  quail  ovaries 
and  eggs  was  1.2  p.p.m. 

The  highest  levels  of  DDD  and  DDE,  both  of  which  are  less 
toxic  than  DDT,  found  in  California  quail  ovaries  and  eggs  was 
0.1  and  3.0  p.p.m.  respectively. 

Dieldrin  is  much  more  toxic  to  warm-blooded  vertebrates 
than  DDT  (Rudd,  1964)  .  Dieldrin  at  levels  as  low  as  3  p.p.m. 
in  the  eggs  resulted  in  lowered  reproductive  success  in  pheasants 
(Genelly  and  Rudd,  1956)  .  The  highest  dieldrin  residue  level 
found  in  California  quail  ovaries  and  eggs  was  1.3  p0p.m. 

No  heptachlor,  or  its  epoxide,  was  found  in  any  of  the 
eggs  and  ovaries  analyzed  although  one  female  quail  from  which 
these  samples  were  taken  had  0.005  p.p.m,  of  heptachlor  in  its 
brain  vtissue. 

It  appears  that  the  pesticide  levels  present  in  the  ovaries 
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and  eggs  of  California  quail  are  not  high  enough  to  cause  any 
significant  decreases  in  the  reproductive  success  of  this  species 
in  the  Okanagan  Valley. 

The  number  of  4  to  7  week  old  young  per  brood  (obtained 
by  personal  observations)  for  each  area  for  each  year  is  given 
in  Table  XXV.  From  the  data  presented  there  is  no  difference 
between  these  areas  in  the  productivity  of  the  California 
quail  inhabiting  them.  The  average  brood  sizes  of  9-10  obtained 
here  compare  well  with  the  average  brood  size  of  8.4  reported 
for  six  week  old  California  quail  by  Edminster  (1954)  .  Another 
measure  of  productivity  is  the  early  fall  juvenile:  adult  ratio; 
a  ratio  of  two  or  more  juveniles  to  each  adult  is  considered 
to  indicate  good  to  excellent  productivity  (Edminster,  1954). 

From  the  number  of  adults  and  juveniles  trapped  in  August  and 
September  of  1965,  area  1  had  a  ratio  of  4:1,  area  3  had  a  ratio 
of  2:1.  Thus  it  appears  that  both  of  these  sprayed  areas  have 
from  good  to  excellent  productivity  of  California  quail  (assuming 
that  the  population  structure  does  not  change  in  the  early  fall; 
no  obvious  change  was  noticed  up  to  mid-September  of  either  year) . 
Both  of  these  measures  indicate  that  there  is  no  marked  reduction 
of  productivity  in  the  sprayed  areas. 

In  summary,  it  appears  that  none  of  the  pesticides  analyzed 
for,  with  the  possible  exception  of  dieldrin,  at  the  levels 
present  in  the  brain  tissue  of  California  quail,  cause  the 
individual  birds  any  harm.  It  also  appears  that  none  of  these 
pesticides  cause  a  marked  reduction  in  the  population  of 
California  quail  in  the  Okanagan  Valley. 
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Table  XXV.  Productivity  of  California  quail  from  each  study 
area  for  each  year.  Number  of  young  is  the 
number  of  fledged  young  (4-7  wks.  old)  seen. 


No.  of  potential 
Area  Year  broods* 


1  1965  4 

1966  2 

2  1965  4** 

1966 

3  1965  4 

1966  3** 

4  1965  2 

1966 


NO. 

broods 

Total  no. 
young 

Average  no. 
young/brood 

4 

40 

10 

2 

20 

10 

3 

9  *  *  * 

o  *  *  * 

4 

38 

9.5 

2 

18 

9 

2 

18 

9 

*  The  number  of  potential  broods  is  the  number  of  pairs 

observed  during  the  nesting  season.  These  do  not  include 
unpaired  birds  or  birds  killed  before  they  were  able  to 
bring  off  a  brood.  No  immigration  of  pairs  into  any  of 
the  study  areas  was  noticed  during  the  study,  although 
an  immigration  of  individual  birds  was  noticed. 

**  In  each  case  one  pair  was  observed  that  never  had  any 
young  with  them  throughout  the  summer. 


*  *  * 


1  brood  from  area  2  in  1965  had  8  young. 
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Effect  of  Pesticides  on  the  Parasites  of  California  Quail 

Flickinger  and  Keith  (1965)  found  that  50  p0p.m.  of  DDT 
in  the  diet  of  white  pelicans  ( Pelecanus  erythrorhynoho  s)  caused 
the  elimination  of  both  endo-  and  ectoparasites  from  these  birds. 
Lower  dosages  of  DDT  were  not  fed  these  birds,  however,  so  the 
minimum  dosage  required  for  elimination  of  parasites  is  not 
known.  To  test  the  possibility  that  pesticides  ingested  by 
California  quail  had  an  effect  on  the  total  number  of  helminths 
present,  scatter  plots  were  made  of  the  amount  of  pesticide 
residues  in  the  brain  tissue  of  the  California  quail  against 
the  total  number  of  helminths  in  the  intestinal  tract  of  the 
bird  (Figs.  30-32).  The  total  pesticide  residues  (Fig.  30a) 
are  recorded  as  equivalents  of  DDT  in  parts  per  million. 

In  no  case  was  a  significant  regression  co-efficient  obtained. 
Thus  it  appears  that  the  pesticide  levels  ingested  by  California 
quail  have  no  effect  on  the  number  of  intestinal  helminths 
present. 

The  effect  of  pesticides  on  the  ectoparasites  of  California 
quail  has  been  discussed  earlier  under  Colinicola  docophoroides , 
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Fig.  30.  Scatter  plots  of  pesticide  residues  in  brain 
tissue  versus  total  helminth  numbers. 

(a)  Total  pesticide  residues.  Values  are 
reported  as  equivalents  of  DDT  in  p.p.m. 

(b)  Heptachlor  residues. 

(c)  Heptachlor  epoxide  residues. 
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Fig.  31.  Scatter  plots  of  pesticide  residues  in  brain 
tissue  versus  total  helminth  numbers. 

(a)  Dieldrin  residues. 

(b)  DDT  residues, 

(c)  DDD  residues. 
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Fig.  32.  Scatter  plot  of  DDE  residues  in  brain  tissue 
versus  total  helminth  numbers. 
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DISCUSSION 

Reasons  for  low  Residue  Levels  in  California  Quail 

As  California  quail  are  the  most  vegetarian  of  all  of 
the  North  American  gallinaceous  birds  (Edminster,  1954)  ,  diet 
is  likely  the  main  reason  why  these  birds  have  such  low  residue 
amounts  in  their  tissues.  Even  juvenal  California  quail, 
which  eat  more  animal  food  when  3  to  4  weeks  old  than  at  any 
other  time,  only  consume  enough  animal  matter  to  make  up  33 
per  cent  of  their  total  diet  (Edminster,  1954) «  Thus  these 
birds  are  not  taking  in  large  amounts  of  types  of  food,  such 
as  invertebrates,  that  can  concentrate  pesticides  in  large 
amounts  in  their  tissues. 

American  coots  (Fuliaa  amerioana)  are  also  mainly  vegetarian; 
plant  items  average  about  90  per  cent  of  their  diet  (Jones,  1940)  . 
In  a  sample  of  aquatic  birds  analyzed  for  pesticide  residues, 
only  traces  were  found  in  the  tissues  of  coots,  whereas  fish¬ 
eating  birds  from  the  same  area,  such  as  common  egrets  (Casmero - 
dius  albus)  and  western  grebes  (Aeahmc phorus  occidentalis )  had 
total  residue  levels  as  high  as  689  p.p.m.  in  their  tissues 
(Rudd,  1965) .  It  is  evident  that  the  type  of  food  eaten  by  a 
bird  to  a  great  extent  determines  the  amount  of  pesticide 
residues  which  will  be  present  in  that  bird's  tissues. 

In  addition,  California  quail  do  a  large  part  of  their 
feeding  outside  the  orchards  proper  (personal  observations) , 
where  there  would  be  less  contamination  of  food  plants. 

Spray  residues  on  cover  plants  in  orchards  are  usually 
washed  off  by  irrigation  water  or  rainfall  (Bowman,  1950)  .  It 
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has  been  noted  that  pheasant  mortality  in  the  Okanagan  Valley 
occurs  only  during  certain  conditions:  birds  of  the  most 
susceptable  age  (3  to  4  weeks  old,  when  a  large  part  of  their 
diet  (about  75  per  cent)  is  made  up  of  animal  food  (Allen, 
1956)),  palatable  cover  in  orchards,  and  no  rainfall  or  irriga¬ 
tion  so  that  the  spray  deposit  would  remain  on  the  cover  plants 
for  a  considerable  period  of  time  (Rye,  in  Bowman,  1950)  .  On 
foliage  the  half-life  of  DDT  is  from  11  to  15  weeks;  the  half- 
life  of  dieldrin  is  about  6  weeks  (Rudd,  1965) . 

In  1966  the  two  orchard  study  areas  were  irrigated  at 
least  once  a  week.  In  1965  study  area  2  was  not  irrigated  but 
it  was  apparently  not  sprayed  either.  In  the  Okanagan  Valley 
rainfall,  of  sufficient  intensity  to  wash  pesticide  residues 
off  the  cover  crop  foliage,  usually  occurs  at  least  once  every 
two  weeks . 

When  people  are  working  in  the  orchards,  such  as  during 
spraying  operations,  California  quail  usually  leave  the  area. 
Thus,  they  are  not  likely  to  come  into  direct  contact  with  the 
spray . 

Thus,  it  appears  that  the  feeding  and  behavioural  habits 
of  California  quail  prevent  them  from  coming  into  contact  with 
and  ingesting  large  amounts  of  pesticides. 

Probable  Evolutionary  Effects 

It  is  a  well  established  fact  that  invertebrates  can,  in 
a  relatively  short  period  of  time,  acquire  resistance  to  the 
majority  of  pesticides  (Rudd,  1965) .  In  such  cases  a  portion 
of  the  population  has  always  been  resistant  to  certain  poisons 
(such  as  DDT)  and,  with  the  elmination  of  other  segments  of 
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the  population  through  the  use  of  pesticides,  these  resistant 
strains  have  increased  greatly,  A  similar  phenomenon  has  been 
recorded  for  bacteria  developing  resistance  to  certain  kinds  of 
antibiotics.  Thus,  it  is  entirely  possible  that  vertebrates, 
given  enough  time  and  a  sufficient  population  turnover,  could 
also  develop  resistance  to  some  of  the  pesticides.  Birds,  such 
as  California  quail,  which  have  been  exposed  more  or  less 
continuously  to  such  pesticides  for  a  long  period  of  time, 
could  show  such  a  tendency. 

Presence  of  Heptachlor 

The  presence  of  heptachlor  and  heptachlor  epoxide  residues 
in  California  quail  is  somewhat  mystifying.  In  answer  to  a 
letter  to  the  Summerland  branch  of  the  Canadian  Department  of 
Agriculture,  Mr.  K.  Williams,  chemist  at  the  Entomology  Labora¬ 
tory  replied, in  part,  "Heptachlor  has  been  used  to  a  very  limited 
extent  for  the  control  of  soil  insects  in  vegetable  plantings 
and  it  has  never  been  used  in  orchards .  The  last  recommended 
use  for  heptachlor  was  in  the  1960  vegetable  calendar  as  an 
alternate  to  aldrin  and  dieldrin,  but  was  not  widely  used 
because  of  price.  The  recommended  rate  was  4  lb  actual  per 
acre  and  any  applied  would  be  in  the  area  from  Kelowna  north 
to  Kamloops  and  Salmon  Arm. 

"I  am  rather  surprised  that  there  is  a  significant  amount 
of  heptachlor  (or  its  epoxide)  in  quail." 

Kelowna,  the  place  furthest  south  where  heptachlor  was 
used,  is  approximately  24  air  miles  from  area  1,  the  farthest 
north  of  all  of  the  collecting  areas.  That  heptachlor  (or 
its  epoxide)  is  a  wide-spread  contaminant  in  the  environment 
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of  the  entire  Okanagan  Valley  is  evident  as  two  of  the  quail 
collected  from  area  4,  the  non-sprayed  area,  had  heptachlor 
or  heptachlor  epoxide  residues  in  their  brain  tissue.  There 
was  no  trace  of  any  of  the  other  pesticides  in  any  of  the  birds 
collected  from  this  area.  As  California  quail  are  quite 
sedentary  in  habits,  the  heptachlor,  or  its  epoxide,  must  have 
been  picked  up  by  these  birds  in  this  general  area. 

How  heptachlor  or  its  epoxide  was  spread  to  these  four 
study  areas  is  not  known.  There  is  a  possibility  of  contaminated 
water  being  used  for  orchards  irrigated  by  water  pumped  from 
either  Skaha  Lake  (area  2)  or  the  Okanagan  River  (area  3) .  Both 
of  these  water  supplies  could  become  contaminated  from  runoff 
water  from  heptachlor  treated  fields  entering  Okanagan  Lake 
in  the  Kelowna  area.  Area  1,  however,  is  irrigated  by  water 
from  a  mountain  reservoir  and  none  of  this  water  drains  or  is 
near  any  of  the  areas  reported  to  have  been  treated  with 
heptachlor  in  the  late  1950's  and  1960.  Area  4  is  48  air 
miles  from  Kelowna,  is  about  1,000  feet  above  the  valley  floor, 
and  does  not  contain  any  water  supply  which  drains  or  comes  from 
areas  near  any  orchard  or  vegetable  raising  areas. 

It  is  known  that  chlordane,  a  relatively  non-persistent 
chlorinated  hydrocarbon,  contains  heptachlor  as  a  contaminant 
(March,  1952) .  However,  very  little  chlordane  has  been  used  in 
the  Okanagan  Valley  and  no  spraying  was  done  within  4  miles  of 
study  area  4.  No  mass  movements  of  insects  were  noticed  moving 
into  any  of  the  study  areas,  so  the  possibility  of  insects 
bringing  heptachlor  into  these  areas  is  also  discounted. 
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Use  of  California  Q uail  as  an  Indicator  of  Pesticides  Present 
in  the  Environment 

The  possibility  of  using  game  birds  as  indicators  of  the 
type  and  amount  of  pesticide  residues  present  in  the  environment 
is  an  interesting  facet  of  future  ecological  studies.  In  the 
Okanagan  Valley,  a  bird  such  as  the  California  quail  would  be  a 
good  choice  for  such  an  indicator,  as  these  birds  are  sedentary 
residents,  the  home  range  being  about  50  acres  in  extent  (Edminster, 
1954) .  Thus,  the  pesticide  residues  found  in  the  tissues  of 
California  quail  would  be  derived  from  the  immediate  area. 

By  using  indicator  species  such  as  this,  the  presence  of  hitherto 
unsuspected  environmental  contaminants  (such  as  heptachlor  in 
the  present  study)  may  be  discovered.  Because  of  the  low 
residue  levels  present  in  California  quail,  at  least  10  birds 
from  each  area  should  be  analyzed  for  meaningful  results.  The 
possibility  of  California  quail  being  resistant  to  pesticides 
would  not  affect  their  use  as  an  indicator  as  they  would  still 
be  accumulating  the  residues  in  their  tissues. 

Need  for  Further  Studies 

To  better  evaluate  the  results  of  field  studies  such  as 
this  one,  more  data  is  needed  from  laboratory  tests.  Experi¬ 
ments  should  be  carried  out  to  determine  the  LD50  for 
California  quail  for  each  of  the  pesticides  to  be  analyzed  for 
in  further  field  studies.  Then  the  residue  levels  found  in 
the  birds  taken  from  wild  populations  could  be  expressed  as 
fractions  of  the  LD50  value  for  each  pesticide.  These  fractions, 
when  totalled,  would  give  an  indication  of  the  total  number  of 
LD  5  0 1 s  present  in  the  bird's  tissues,  and  thus  give  a  good 
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indication  of  the  effect  (sublethal,  lethal,  or  over  the  lethal 
level)  of  such  a  pesticide  load  on  the  bird.  Such  laboratory 
tests  should,  if  possible,  include  every  pesticide  normally 
used  in  the  proposed  field  study  area. 
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CONCLUSIONS 

From  the  data  and  evidence  presented  here  the  following 
general  conclusions  can  be  made: 

1.  Rhabdometra  tomioa  is  a  synonym  of  Rhabdometra  odiosa. 

2.  There  is  no  evidence  of  the  parasites  of  California 
quail  from  the  Okanagan  Valley  having  any  significant  effect 
on  their  hosts  in  the  summertime. 

3.  The  pesticides  analyzed  (heptachlor,  heptachlor  epoxide, 
dieldrin,  DDT,  DDD ,  DDE,  lindane  and  endrin)  appear  to  have  no 
significant  effect  on  California  quail  in  the  Okanagan  Valley. 
However,  a  few  birds  had  levels  of  dieldrin  as  high  as  or  higher 
than  that  reported  by  Labisky  and  Lutz  (1967)  in  a  pheasant 

that  showed  pesticide  poisoning  symptoms.  Analyses  were 
made  for  only  two  of  the  14  most  commonly  used  pesticides  in 
the  Okanagan  Valley. 

4.  California  quail  would  be  good  "indicators"  of  the 
presence  of  certain  pesticides  in  the  environment. 
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APPENDIX  I 

Other  birds  caught  in  quail  traps  in  the  Okanagan  Valley, 
British  Columbia. 

Species  No.  caught 

Pheasant  ( Phasianus  c  olchicus) *  *  4 

Mourning  dove  ( Zenaidura  macroura)  13 

Red-shafted  flicker  ( Colaptes  safer)**  1 

Magpie  (Pisa  pioa)***  1 

Robin  ( Turdus  migrator ius )  4 

Starling  ( Sturnus  vulgaris)  1 

Western  meadowlark  ( Sturnella  neglecta)  2 

Red-winged  blackbird  {Ag elaius  phoeniceus)  6 

Brown-headed  cowbird  ( Molothrus  ater)  8 

Cassin's  finch  ( Carpodaous  cassinii) ****  1 

Rufous-sided  towhee  ( Pipilo  erythrophthalmus)  8 

Lark  sparrow  ( Chondestes  grammaous) ****  2 

White-crowned  sparrow  ( Zonotrichia  leucophyr s) * ***  4 

White-throated  sparrow  ( Zonotrichia  albicollis)  * ***  1 

*  Pheasants  were  caught  in  traps  that  had  too 
large  an  entrance 

**  Red-shafted  flicker  caught  in  trap  placed  near 
an  ant-hill 

***  Magpie  was  in  a  trap  eating  a  previously  caught 
mourning  dove 

****  Sparrows  and  finches  were  usually  able  to  escape 
through  the  one  inch  wire  mesh 


' 
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APPENDIX  II 

Collated  raw  data. 

All  pesticides  are  reported  in  p.p.m. 

Total  pesticide  residue  levels  are  reported  as  equivalents 
of  DDT  in  p.p.m. 

B  =  brain  tissue 

BM  =  breast  muscle  tissue 

OV  =  ovarian  tissue  with  preovulatory  follicles 
E  =  egg 
M  =  male 
F  =  female 

Imm.  =  immature  (yearling)  plumage,  counted  as  an  adult  in  text 
Ad.  =  adult  plumage 
-  =  tissue  not  analyzed 
X  =  present,  numbers  not  determined 
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1965  specimens. 

Specimen  number 

C-l 

02 

03 

04 

05 

06 

Area  collected 

2 

2 

2 

2 

2 

2 

Date 

5/18 

5/20 

5/20 

5/25 

5/25 

5/25 

Age 

I  mm . 

I  mm . 

I  mm . 

Imm . 

Imm . 

Ad. 

Sex 

M 

F 

M 

M 

M 

M 

Weight  in  grams 

186.4 

202.4 

193.0 

174.5 

185.0 

195.9 

Rhabdometra 

25 

50 

40 

20 

10 

0 

Choanotaenia 

0 

0 

0 

0 

0 

0 

Acuaria 

0 

0 

0 

0 

0 

0 

Total  no.  helminths 

25 

50 

40 

20 

10 

0 

Goniodes 

0 

0 

0 

0 

0 

0 

Co linioo la 

0 

0 

0 

0 

0 

0 

Ornithomy ia 

0 

0 

0 

0 

0 

0 

Haemaphy  sa lis 

0 

0 

0 

0 

0 

0 

Tissue  analyzed 

- 

- 

- 

- 

- 

- 

Heptachlor 

- 

- 

- 

- 

- 

- 

Heptachlor  epoxide 

- 

- 

- 

- 

- 

- 

Dieldrin 

- 

- 

- 

- 

- 

— 

DDD 

- 

- 

- 

- 

- 

- 

DDE 

- 

- 

- 

- 

- 

- 

DDT 

- 

- 

- 

- 

- 

- 

Lindane 

- 

- 

- 

- 

- 

- 

Endrin 

- 

- 

- 

- 

- 

- 

Methoxychlor 

- 

- 

- 

- 

- 

- 

Total  residue 

- 

- 

- 

- 

- 

- 

Emaciation  index 

109 

90 

109 

106 

93 

113 

< 
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1965  specimens 

Specimen  number 

07 

Area  collected 

1 

Date 

5/27 

Age 

Imm . 

Sex 

M 

Weight  in  grams 

179.4 

Rhabdometra 

5 

Choano taenia 

0 

Aauaria 

0 

Total  no.  helminths 

5 

Goniodes 

0 

Colinioola 

0 

Ornithomyia 

0 

Haemaphy  sa  Us 

0 

Tissue  analyzed 

- 

Heptachlor 

- 

Heptachlor  epoxide 

- 

Dieldrin 

- 

DDD 

- 

DDE 

- 

DDT 

- 

Lindane 

- 

Endrin 

- 

Methoxychlor 

- 

Total  residue 

- 

Emaciation  index 

96 

09 

09a 

Oil 

012 

2 

2 

2 

2 

5/27 

5/27 

6/7 

6/10 

Imm . 

- 

Imm . 

Imm . 

F 

- 

F 

M 

214.9 

- 

158.6 

208.6 

25 

- 

8 

30 

0 

- 

0 

0 

0 

0 

0 

25 

- 

8 

30 

0 

- 

0 

0 

0 

- 

0 

0 

0 

- 

0 

0 

0 

- 

0 

0 

B 

OV 

BM 

- 

0 

0 

0 

- 

0 

0 

0 

- 

0 

0 

0.032 

- 

0 

0.024 

0.041 

0.234 

0.480 

0.014 

- 

0.005 

0.312 

0.005 

- 

0 

0 

0 

- 

0 

0 

0 

— 

0 

0 

0 

- 

0.216 

0.766 

0.084 

- 

87 

90 

103 

08 

2 

5/27 

Imm. 

F 

196.8 

0 

0 

0 

0 

0 

0 

0 

0 

B 

0.190 

0 

0 

0 

0.195 

0.488 

0 

0 

0 

0.864 

90 
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1965  specimens 

Specimen  number 

013 

014 

014a 

014b 

015 

016 

Area  collected 

2 

2 

2 

2 

2 

4 

Date 

6/12 

6/12 

6/12 

6/12 

6/12 

6/13 

Age 

I  mm . 

Imm . 

- 

- 

Imm  o 

Ad. 

Sex 

M 

F 

- 

- 

M 

M 

Weight  in  grams 

174.8 

190.8 

— 

- 

162.3 

177 .0 

Rhabdometra 

7 

0 

- 

- 

56 

0 

Choanothaenia 

0 

0 

- 

- 

0 

0 

Aouavia 

0 

0 

- 

- 

0 

0 

Total  no.  helminths 

7 

0 

- 

- 

56 

0 

Goniodes 

0 

0 

- 

- 

0 

0 

Colinioola 

0 

0 

- 

- 

0 

0 

Ovnithomyia 

0 

0 

- 

- 

0 

0 

Haemaphy  salis 

0 

0 

- 

- 

0 

0 

Tissue  analyzed 

- 

B 

OV 

E 

- 

- 

Heptachlor 

- 

0 

0 

0 

- 

- 

Heptachlor  epoxide 

- 

0 

0 

0 

- 

Dieldrin 

- 

0 

0 

0.465 

- 

- 

DDD 

- 

0.158 

0.099 

0.136 

- 

- 

DDE 

0.417 

0.560 

2.88 

- 

- 

DDT 

- 

0.295 

0.708 

0.573 

- 

- 

Lindane 

- 

0 

0 

0 

- 

- 

Endrin 

- 

0 

0 

0 

- 

- 

Methoxychlor 

- 

0 

0 

0 

- 

- 

Total  residue 

- 

0.822 

1.291 

3.783 

- 

- 

Emaciation  index 

97 

90 

100 

83 

■ 
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1965  specimens 

Specimen  number 

017 

018 

019 

020 

021 

021a 

Area  collected 

2 

2 

3 

3 

2 

2 

Date 

6/14 

6/26 

6/27 

6/27 

6/28 

6/28 

Age 

I  mm . 

Ad. 

5  wks . 

2  wks  . 

Ad. 

- 

Sex 

M 

M 

M 

F 

F 

- 

Weight  in  grams 

140.0 

169.2 

70.3 

12,6 

224 .4 

- 

Rhabdometra 

7 

15 

0 

0 

0 

- 

Choanotaenia 

0 

0 

0 

0 

0 

- 

Aouavia 

0 

0 

0 

0 

6 

- 

Total  no.  helminths 

7 

15 

0 

0 

6 

- 

Goniodes 

0 

0 

0 

0 

0 

- 

Colinioo la 

0 

0 

0 

0 

0 

- 

Ornithomyia 

0 

0 

0 

0 

0 

- 

Haemaphy  sa lis 

0 

0 

0 

0 

0 

- 

Tissue  analyzed 

- 

- 

B 

- 

B 

OV 

Heptachlor 

- 

- 

0 

- 

0 

0 

Heptachlor  epoxide 

- 

0 

- 

0 

0 

Dieldrin 

- 

- 

0 

- 

0 

1.30 

DDD 

- 

— 

0 

- 

0.066 

0.084 

DDE 

- 

- 

0.005 

- 

0.600 

3.06 

DDT 

- 

- 

0.005 

— 

0 

1.19 

Lindane 

- 

- 

0 

- 

0 

0 

Endrin 

- 

- 

0 

- 

0 

0 

Methoxychlor 

- 

- 

0 

— 

0 

0 

Total  residue 

- 

- 

0.010 

- 

0.599 

5,406 

Emaciation  index 

110 

100 

— 

«-> 

— 

' 
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1965  specimens 

Specimen  number 

022 

Area  collected 

2 

Date 

6/28 

Age 

Ad . 

Sex . 

M 

Weight  in  grams 

174.6 

Rhabdometra 

12 

Choanothaenia 

0 

Aauaria 

0 

Total  no.  helminths 

12 

Goniodbs 

0 

Coliniao la 

0 

Ornithomyia 

0 

Haemaphy  satis 

0 

Tissue  analyzed 

- 

Heptachlor 

- 

Heptachlor  epoxide 

- 

Dieldrin 

- 

DDD 

- 

DDE 

- 

DDT 

- 

Lindane 

- 

Endrin 

- 

Methoxychlor 

- 

Total  residue 

- 

Emaciation  index 

106 

024 

025 

026 

027 

3 

2 

2 

2 

6/30 

7/1 

7/2 

7/2 

Ad. 

Ad. 

4  wks  . 

1  wk . 

M 

M 

F 

F 

195.9 

180.0 

54.3 

7.6 

0 

12 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

15 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

- 

- 

B 

B 

- 

- 

0 

0.248 

- 

- 

0 

0 

- 

- 

0 

0 

- 

- 

0 

0 

— 

- 

0.280 

0.726 

- 

- 

0.005 

0 

- 

- 

0 

0 

- 

0 

0 

- 

- 

0 

0 

- 

- 

0.257 

0.913 

109 

108 

_ 

023 

2 

6/28 

I  mm . 

M 

188  . 

0 

0 

0 

0 

0 

0 

0 

0 

88 


% 

' 

121 


1965  specimens 

Specimen  number 

02  9 

Area  collected 

2 

Date 

7/3 

Age 

Imm. 

Sex 

F 

Weight  in  grams 

198.2 

Rhabdometra 

0 

Choano taenia 

0 

Aouaria 

0 

Total  no.  helminths 

0 

Goniodes 

0 

Colinicola 

0 

Ornithomy ia 

0 

Haemaphy  salts 

0 

Tissue  analyzed 

B 

Heptachlor 

0.554 

Heptachlor  epoxide 

0.005 

Dieldrin 

0 

DDD 

0 

DDE 

0.825 

DDT 

0 

Lindane 

0 

Endrin 

0 

Methoxychlor 

0 

Total  residue 

1.331 

031 

03  2 

033 

034 

2 

2 

2 

2 

7/3 

7/4 

7/6 

7/6 

Imm . 

4  wks , 

5  wks  o 

Imm . 

M 

M 

F 

F 

186.7 

3  9.3 

72.5 

184  . 

0 

25 

30 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

25 

30 

0 

0 

0 

0 

0 

0 

X 

X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

- 

B 

B 

B 

0 

0.248 

0 

- 

0 

0 

0 

- 

0 

0 

0 

- 

0 

0 

0.06 

0.280 

0.726 

0.60 

- 

0,005 

0 

0 

- 

0 

0 

0 

- 

0 

0 

0 

- 

0 

0 

0 

- 

0.257 

0,913 

0.59 

93 

75 

120 

030 

2 

7/3 

5  wks 

F 

95.4 

5 

0 

0 

5 

0 

0 

0 

0 

B 

0 

0 

0.010 

0.005 

0.024 

0*005 

0 

0 

0 

0.043 


Emaciation  index 
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1965  specimens 

Specimen  number 

C-3  5 

C-3  6 

C-3  7 

C-38 

C-3  9 

C-4  0 

Area  collected 

2 

3 

4 

4 

4 

4 

Date 

7/6 

7/12 

7/12 

7/12 

7/14 

7/14 

Age 

I  mm . 

Ad. 

5  wks . 

5  wks  . 

5  wks . 

5  wks 

Sex 

M 

F 

M 

F 

M 

M 

Weight  in  grams 

162.2 

222.5 

60.1 

46.7 

63,8 

48.5 

Rhabdometra 

X 

X 

0 

0 

0 

0 

Choanothaenia 

0 

0 

0 

0 

0 

0 

Aeuaria 

0 

0 

0 

0 

0 

0 

Total  no.  helminths 

• 

■p 

• 

0 

0 

0 

0 

Goniodes 

0 

0 

0 

0 

0 

0 

Colinioo la 

0 

0 

X 

0 

X 

X 

Ornithomyia 

0 

0 

0 

X 

0 

0 

Haemaphy  satis 

0 

0 

0 

0 

0 

0 

Tissue  analyzed 

- 

BM 

B 

B 

B 

B 

Heptachlor 

- 

0.012 

0 

0 

0 

0 

Heptachlor  epoxide 

- 

0.026 

0.005 

0 

0 

0 

Dieldrin 

- 

0.010 

0 

0 

0 

0 

DDD 

- 

0.044 

0 

0 

0 

0 

DDE 

- 

0.061 

0 

0 

0 

0 

DDT 

- 

0.129 

0 

0 

0 

0 

Lindane 

- 

0.100 

0 

0 

0 

0 

Endrin 

- 

0 

0 

0 

0 

0 

Methoxychlor 

- 

0 

0 

0 

0 

0 

Total  residue 

— 

0.359 

0.006 

0 

0 

0 

91  56 


Emaciation  index 


. 

■ 
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1965  specimens 

Specimen  number 

041 

041a 

042 

043 

04  4 

04  5 

Area  collected 

2 

2 

2 

3 

3 

3 

Date 

7/15 

7/15 

7/25 

7/25 

7/26 

7/26 

Age 

Ad . 

- 

Imm , 

8  wks . 

5  wks  o 

5  wks 

Sex 

F 

- 

M 

M 

F 

F 

Weight  in  grams 

214.3 

- 

192.9 

129.7 

60.5 

56.5 

Rhabdometra 

3 

- 

0 

0 

0 

0 

Choano taenia 

0 

- 

0 

0 

0 

2 

Acuavia 

0 

- 

0 

0 

0 

0 

Total  no.  helminths 

3 

- 

0 

0 

0 

2 

Goniodes 

0 

- 

0 

0 

0 

0 

Co linioo la 

0 

- 

0 

0 

0 

0 

Ornithomyia 

0 

** 

0 

0 

0 

0 

Haemaphy satis 

0 

- 

0 

0 

0 

0 

Tissue  analyzed 

BM 

OV 

- 

B 

B 

B 

Heptachlor 

0 

0 

- 

0.093 

0.125 

0.098 

Heptachlor  epoxide 

0 

0 

- 

0 

0.041 

0 

Dieldrin 

0,016 

0.465 

- 

0 

0.057 

0.047 

DDD 

0 

0.136 

- 

0.094 

0.147 

0.085 

DDE 

0.025 

2.88 

- 

0.005 

0.074 

0.079 

DDT 

0.005 

0.573 

- 

0.005 

0.124 

0.005 

Lindane 

0 

0 

- 

0 

0 

0 

Endrin 

0 

0 

- 

0 

0 

0 

Methoxychlor 

0 

0 

- 

0 

0 

0 

Total  residue 

0.045 

3.783 

- 

0,193 

0.560 

0.306 

Emaciation  index 

90.5 

92.3 

96.6 

105,5 

100 

1 
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1965  specimens 

Specimen  number 

04  6 

Area  collected 

2 

Date 

7/27 

Age 

Ad. 

Sex 

M 

Weight  in  grams 

191. 

Rhabdome tra 

0 

Choano taenia 

0 

Acuavia 

0 

Total  no.  helminths 

0 

Goniodes 

0 

Co linioo la 

0 

Ornithomyia 

0 

Haemaphy  sails 

0 

Tissue  analyzed 

- 

Heptachlor 

- 

Heptachlor  epoxide 

- 

Dieldrin 

- 

DDD 

- 

DDE 

- 

DDT 

- 

Lindane 

- 

Endrin 

- 

Methoxychlor 

- 

Total  residue 

- 

Emaciation  index 

107  . 

047a 

050 

051 

052 

2 

2 

1 

1 

7/27 

7/28 

8/2 

8/2 

- 

Ad  . 

Imm » 

Ad, 

- 

M 

M 

F 

- 

193.4 

177.2 

159  . 

- 

2 

2 

0 

- 

0 

0 

0 

— 

0 

0 

0 

- 

2 

2 

0 

- 

0 

0 

0 

- 

0 

0 

0 

- 

0 

0 

0 

- 

0 

0 

0 

OV 

- 

- 

B 

0 

— 

- 

0.18 

0 

- 

- 

0 

0.178 

- 

- 

0 

0 

- 

- 

0  I 

0.288 

- 

- 

0.34 

0.005 

- 

- 

0 

0 

- 

- 

0 

0 

- 

- 

0 

0 

- 

- 

0 

0.454 

- 

- 

0.50 

_ 

94.7 

97.1 

047 

2 

7/27 

Imm , 

F 

194.9 

0 

0 

5 

5 

0 

0 

0 

0 

B 

0.005 

0 

0 

0 

0.105 

0 

0 

0 

0 

0.100 

110.6 


* 


0  0 


,  ■  . 
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1965  specimens 

Specimen  number 

Area  collected 

Date 

Age 

Sex 

Weight  in  grams 
Rhabdometra 
Choano taenia 
Aouaria 

Total  no.  helminths 

Goniodes 
Coliniaola 
Ornithomyia 
Haemaphy satis 

Tissue  analyzed 

Heptachlor 

Heptachlor  epoxide 

Dieldrin 

DDD 

DDE 

DDT 

Lindane 

Endrin 

Methoxychlor 
Total  residue 


053 

054 

055 

1 

1 

1 

8/2 

8/2 

8/2 

9  wlcs, 

9  wks . 

9  wks 

M 

M 

F 

142.4 

127.1 

126.1 

10 

0 

1 

0 

0 

0 

0 

0 

0 

10 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

B 

B. 

BM 

0.418 

0.227 

0.012 

0.005 

0 

0 

0 

0 

0 

0 

0 

0.041 

0.348 

0.302 

0.040 

0.005 

0.814 

0.040 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.796 

1.324 

0.126 

100 

93.3 

73.3 

056 

057 

058 

1 

4 

4 

8/2 

8/3 

8/3 

9  wks . 

Imm . 

Imm . 

F 

M 

F 

119.0 

177.0 

168  . 

10 

1 

0 

0 

0 

0 

0 

0 

0 

10 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

B 

- 

B 

0.227 

- 

0.00 

0 

- 

0 

0 

- 

0 

0 

- 

0 

0.302 

0 

0.814 

- 

0 

0 

- 

0 

0 

0 

0 

- 

0 

1.324 

- 

o 

o 

© 

o 

100 

118.8 

108  . 

Emaciation  index 


. 

• 

' 
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1965  specimens 

Specimen  number 

059 

06  0 

061 

062 

063 

064 

Area  collected 

4 

1 

1 

3 

3 

1 

Date 

8/3 

8/7 

8/9 

8/10 

8/10 

8/10 

Age 

6  wks . 

10  wks 

.  I  mm . 

Ad. 

I  mm . 

Ad. 

Sex 

M 

F 

F 

M 

F 

M 

Weight  in  grams 

83.4 

117.4 

179.0 

199.3 

154.6 

165  . 

Rhabdometra 

0 

0 

1 

2 

0 

0 

Choanotaenia 

0 

0 

0 

0 

0 

0 

Aauaria 

0 

0 

0 

0 

0 

0 

Total  no.  helminths 

0 

0 

1 

2 

0 

0 

Goniodes 

0 

0 

0 

0 

0 

0 

Co linioo la 

X 

0 

0 

0 

0 

0 

Ornithomyda 

0 

0 

0 

0 

0 

0 

Haemaphy  salis 

0 

0 

0 

0 

0 

0 

Tissue  analyzed 

B 

B 

B 

- 

B 

- 

Heptachlor 

0 

0.373 

0.391 

- 

0.131 

- 

Heptachlor  epoxide 

0 

0 

0 

- 

0.085 

- 

Dieldrin 

0 

0 

0.005 

- 

0.094 

- 

DDD 

0 

0.005 

0.005 

- 

0 

- 

DDE 

0 

1.26 

0.397 

- 

0.005 

- 

DDT 

0 

0.005 

0.542 

- 

0.161 

- 

Lindane 

0 

0 

0 

- 

0 

- 

Endrin 

0 

0 

0 

- 

0.005 

- 

Methoxychlor 

0 

0 

0 

- 

0 

- 

Total  residue 

0 

1.532 

1.319 

- 

0,503 

- 

Emaciation  index 

— 

83.9 

90.7 

108.3 

— 

94.4 

127 


1965  specimens 

Specimen  number 

C-65 

066 

067 

068 

06  9 

070 

Area  collected 

1 

1 

1 

3 

3 

3 

Date 

8/10 

8/10 

8/10 

8/11 

8/11 

8/11 

Age 

I  mm . 

11  wks 

. 8  wks . 

7  wks  . 

7  wks . 

7  wks 

Sex 

F 

M 

M 

F 

F 

F 

Weight  in  grams 

158.8 

157,2 

127.9 

110.3 

96.9 

103.6 

Rhabdometra 

2 

0 

5 

0 

0 

0 

Choano taenia 

0 

0 

0 

0 

0 

1 

Acuavia 

0 

0 

0 

0 

0 

0 

Total  no.  helminths 

2 

0 

5 

0 

0 

1 

Goniodes 

0 

0 

0 

0 

0 

0 

Colinioola 

0 

0 

0 

0 

X 

X 

Ornithomyia 

0 

0 

0 

0 

0 

0 

Haemaphy satis 

0 

0 

0 

0 

0 

0 

Tissue  analyzed 

B 

B 

B 

BM 

B 

B 

Heptachlor 

0.438 

0 

0,005 

0 

0.067 

0.044 

Heptachlor  epoxide 

0 

0 

0 

0 

0 

0 

Dieldrin 

0.200 

0.005 

0 

0 

0 

0 

DDD 

0.108 

0 

0 

0 

0 

0 

DDE 

0.916 

0.326 

0.234 

0.047 

0 

0 

DDT 

0.242 

0,566 

0 

0 

0 

0 

Lindane 

0 

0 

0 

0 

0 

0 

Endrin 

0 

0 

0 

0 

0 

0 

Methoxychlor 

0 

0 

0 

0 

0 

0 

Total  residue 

1.837 

0.864 

0.218 

0.042 

0.070 

0.046 

Emaciation  index 

105.9 

96.6 

96.6 

114.3 

92.3 

V 
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1965  specimens 

Specimen  number 

i — i 
i'- 

i 

u 

072 

07  3 

07  4 

07  5 

07  6 

Area  collected 

3 

3 

3 

3 

1 

1 

Date 

8/11 

8/11 

8/13 

8/13 

8/13 

8/13 

Age 

6  wks . 

7  wks . 

8  wks . 

8  wks  . 

11  wks 

.11  wk 

Sex 

M 

M 

M 

F 

M 

F 

Weight  in  grams 

107.6 

95.5 

124.1 

120.1 

160.1 

149.3 

Rhabdometra 

0 

0 

0 

0 

0 

25 

Choanotaenia 

2 

0 

3 

0 

0 

0 

Aauaria 

0 

0 

0 

0 

0 

0 

Total  no,  helminths 

2 

0 

3 

0 

0 

25 

Goniodes 

0 

X 

0 

0 

0 

0 

Coliniao la 

X 

X 

0 

X 

0 

0 

Ornithomyia 

0 

0 

0 

0 

0 

0 

Haemaphy  satis 

0 

X 

0 

0 

0 

0 

Tissue  analyzed 

B 

B 

B 

B 

B 

B 

Heptachlor 

0.079 

0.005 

0.005 

0.062 

0.115 

0 

Heptachlor  epoxide 

0 

0 

0 

0 

0 

0 

Dieldrin 

0 

0 

0.005 

0 

0.309 

0 

DDD 

0 

0.342 

0 

0 

0 

0.005 

DDE 

0 

0.087 

0.306 

0 

0.561 

0.257 

DDT 

0 

0.005 

0 

0 

0.005 

0.005 

Lindane 

0 

0 

0 

0 

0 

0 

Endrin 

0 

0 

0 

0 

0 

0 

Methoxychlor 

0 

0 

0 

0 

0 

0 

Total  residue 

0.083 

0.396 

0.285 

0.065 

0.962 

0.241 

Emaciation  index 

88.0 

80.8 

86.5 

94.1 

92.3 

86.5 

- 

St  ,0 
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1965  specimens 

Specimen  number 

077 

Area  collected 

1 

Date 

8/13 

Age 

10  wks 

Sex 

F 

Weight  in  grams 

114.8 

Rhabdometra 

1 

Choano taenia 

0 

Aauaria 

0 

Total  no.  helminths 

1 

Goniodes 

0 

Colinicola 

0 

Ornithomyia 

0 

Haemaphy  salis 

0 

Tissue  analyzed 

B 

Heptachlor 

0 

Heptachlor  epoxide 

0 

Dieldrin 

0 

DDD 

0 

DDE 

0.387 

DDT 

0.005 

Lindane 

0 

Endrin 

0 

Methoxychlor 

0 

Total  residue 

0.353 

Emaciation  index 

100 

O 

i 

08  0 

! — 1 

00 

[ 

U 

08  2 

1 

1 

1 

1 

8/13 

8/13 

8/13 

8/13 

10  wks 

.10  wks 

.9  wks. 

10  wks 

M 

F 

F 

F 

142.9 

130.3 

123.0 

140.3 

0 

1 

17 

17 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

17 

17 

0 

0 

0 

0 

0 

X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

B 

B 

B 

B 

0 

0.005 

0.217 

0 

0 

0 

0 

0 

0 

0 

0 

0.005 

0 

0 

0 

0 

0.005 

0.179 

0.131 

0.192 

0 

0 

0 

0.348 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0.005 

0.166 

0.341 

0.536 

92.0 

83.3 

100 

91.2 

078 

1 

8/13 

10  wks 

F 

14  6.9 

26 

0 

0 

26 

0 

0 

0 

0 

B 

0 

0 

0.005 

0 

0.188 

0.005 

0 

0 

0 

0.179 

87.5 


1 
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1965  specimens 

Specimen  number 

083 

Area  collected 

1 

Date 

8/13 

Age 

10  wks 

Sex 

F 

Weight  in  grams 

139.0 

Rhabdometra 

30 

Choanotaenia 

0 

Aouaria 

0 

Total  no.  helminths 

30 

Goniodes 

0 

Co  linicola 

X 

Ornithomy ia 

0 

Haemaphy  salis 

0 

Tissue  analyzed 

B 

Heptachlor 

0 

Heptachlor  epoxide 

0 

Dieldrin 

0 

DDD 

0 

DDE 

0.150 

DDT 

0.005 

Lindane 

0 

Endrin 

0 

Methoxychlor 

0 

Total  residue 

0.140 

Emaciation  index 

88.2 

n 

i 

00 

on 

CO 

I 

U 

087 

088 

1 

1 

3 

3 

8/14 

8/14 

8/14 

8/14 

13  wks 

,10  wks 

,  Ad , 

1mm . 

M 

M 

M 

F 

153.9 

155.8 

196.5 

157.7 

3 

31 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

3 

31 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

B 

B 

- 

B 

0.099 

0 

- 

0.005 

0 

0 

- 

0 

0 

0,310 

- 

0 

0 

0 

- 

0 

0.130 

0.171 

- 

0.005 

0 

0.618 

- 

0 

0 

0 

0 

0 

0 

- 

0 

0 

0 

- 

0 

0.221 

1.104 

- 

0.010 

111.8 

94.1 

88.8 

85.7 

084 

1 

8/13 

9  wks 

M 

135.6 

42 

0 

0 

42 

0 

0 

0 

0 

B 

0 

0 

0.144 

0 

0.223 

0.278 

0 

0 

0 

0.633 

94.1 


' 
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1965  specimens 


Specimen  number 

Area  collected 

Date 

Age 

Sex 

Weight  in  grams 

Rhabdometra 
Choano taenia 
Aeuavia 

Total  no.  helminths 

Goniodes 

Colinioola 

Ornithomy ia 

Haemaphy  salis 

Tissue  analyzed 

Heptachlor 

Heptachlor  epoxide 

Dieldrin 

DDD 

DDE 

DDT 

Lindane 

Endrin 

Methoxychlor 
Total  residue 


089 

090 

091 

092 

093 

094 

3 

3 

3 

3 

1 

1 

8/14 

8/14 

8/14 

8/14 

8/22 

8/22 

4  wks . 

Ad . 

5  wks . 

5  wks . 

10  wks 

.Ad . 

M 

M 

M 

F 

F 

M 

50.2 

162.4 

64.8 

67.2 

140.2 

172.4 

0 

1 

0 

0 

0 

1 

2 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

1 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

X 

0 

X 

X 

X 

X 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

B 

- 

B 

B 

B 

- 

0.005 

- 

0.005 

0.005 

0 

- 

0 

- 

0 

0 

0 

- 

0 

- 

0 

0 

0 

- 

0 

- 

0 

0 

0 

- 

0 

- 

0.005 

0.005 

0.114 

- 

0 

- 

0 

0 

0.244 

- 

0 

- 

0 

0 

0 

- 

0 

- 

0 

0 

0 

- 

0 

- 

0 

0 

0 

- 

0.005 

0.010 

0.010 

0.347 

77.8 

83.3 

84,2 

75.0 

94.1 

112.4 

Emaciation  index 


< 
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1965  specimens 

Specimen  number 

09  5 

096 

097 

098 

099 

C-100 

Area  collected 

1 

1 

1 

1 

1 

1 

Date 

8/26 

8/26 

8/26 

8/26 

8/26 

8/26 

Age 

10  wks 

.12  wks 

.Ad . 

12  wks 

,10  wks 

S 

o 
» — 1 

o 

Sex 

F 

F 

M 

F 

M 

M 

Weight  in  grams 

153.7 

154.5 

166.3 

166.2 

128.3 

146.4 

Rhabdometva 

9 

24 

3 

X 

62 

27 

Choano taenia 

0 

0 

0 

0 

0 

0 

Aouaria 

0 

0 

0 

0 

0 

0 

Total  no. helminths 

9 

24 

3 

? 

62 

27 

Goniodes 

0 

0 

0 

0 

0 

0 

Co linioo la 

0 

X 

0 

0 

0 

0 

Ornithomyia 

0 

0 

0 

0 

0 

0 

Haemaphy  satis 

0 

0 

0 

0 

0 

0 

Tissue  analyzed 

B 

B 

- 

B 

B 

B 

Heptachlor 

0 

0 

- 

0.005 

0.036 

0.031 

Heptachlor  epoxide 

0 

0 

- 

0.115 

0.110 

0.106 

Dieldrin 

0.046 

0 

- 

0 

0 

0 

DDD 

0.099 

0 

- 

0 

0 

0 

DDE 

0.143 

0.024 

- 

0.311 

0.108 

0.311 

DDT 

0.189 

0 

- 

0.365 

0 

0 

Lindane 

0 

0 

- 

0 

0 

0 

Endrin 

0 

0 

— 

0 

0 

0 

Methoxychlor 

0 

0 

- 

0 

0 

0 

Total  residue 

0.456 

0.022 

- 

0.777 

0.256 

0.430 

Emaciation  index 

100 

83 .5 

94.1 

92.1 

96.7 

97.1 

1 
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1965  specimens 

Specimen  number 

0101 

Area  collected 

1 

Date 

8/26 

Age 

10  wks 

Sex 

M 

Weight  in  grams 

143.6 

Rhabdome tra 

45 

Choanotaenia 

0 

Aauaria 

0 

Total  no.  helminths 

45 

Goniode s 

0 

Co linioo la 

0 

Ornithomy ia 

0 

Haemaphy sali s 

0 

Tissue  analyzed 

B 

Heptachlor 

0.055 

Heptachlor  epoxide 

0.100 

Dieldrin 

0 

DDD 

0 

DDE 

0 

DDT 

0 

Lindane 

0 

Endrin 

0 

Methoxychlor 

0 

Total  residue 

0.168 

Emaciation  index 

i — 1 

o 

00 

0103 

0104 

0105 

0106 

1 

1 

1 

1 

9/4 

9/6 

9/6 

9/6 

6  wks . 

6  wks . 

Ad. 

6  wks 

F 

M 

M 

M 

82.0 

91.0 

186.8 

94.4 

32 

16 

3 

69 

0 

0 

0 

0 

0 

0 

0 

0 

32 

16 

3 

69 

0 

0 

X 

0 

X 

X 

X 

X 

0 

0 

0 

0 

0 

0 

0 

0 

B 

B 

- 

B 

0 

0.043 

- 

0.121 

0.194 

0.080 

- 

0.110 

0 

0,005 

- 

0 

0 

0 

- 

0 

0.718 

0.103 

- 

0.172 

0 

0.005 

- 

0.005 

0 

0 

- 

0 

0 

0 

- 

0 

0 

0 

— 

0 

0.850 

0.236 

- 

0.408 

84.6 

100 

100 

72.7 

0102 

1 

8/26 

10  wks 

M 

142.6 

27 

0 

0 

27 

0 

0 

0 

0 

B 

0.005 

0.123 

0 

0 

0.199 

0 

0 

0 

0 

0.319  i 

97.6 


1 
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1965  specimens 

Specimen  number 

0107 

0108 

0109 

0110 

Area  collected 

1 

1 

1 

1 

Date 

9/6 

9/7 

9/7 

9/8 

Age 

6  wks . 

7  wks , 

7  wks  . 

7  wks 

Sex 

M 

F 

F 

F 

Weight  in  grams 

92.8 

122.1 

102.5 

125.9 

Rhabdometra 

10 

16 

16 

52 

Choano taenia 

0 

0 

0 

0 

Acuavia 

0 

0 

0 

0 

Total  no.  helminths 

10 

16 

16 

52 

Goniodes 

0 

0 

0 

X 

Colinico la 

X 

X 

X 

X 

Ornithomy ia 

0 

0 

0 

0 

Haemaphy  satis 

0 

0 

0 

0 

Tissue  analyzed 

B 

B 

B 

B 

Heptachlor 

0.039 

0.562 

0,069 

0,005 

Heptachlor  epoxide 

0.065 

0.078 

0 

0 

Dieldrin 

0 

0 

0 

0,053 

DDD 

0.005 

0 

0 

0 

DDE 

0.176 

0.119 

0.128 

0.063 

DDT 

0.412 

0.208 

0 

0 

Lindane 

0 

0 

0 

0 

Endrin 

0 

0 

0 

0 

Methoxychlor 

0 

0 

0 

0 

Total  residue 

0.688 

0.991 

O'.  187 

0.121 

Emaciation  index 

90.9 

107.1 

81 .2 

106.7 

< 

135 


1966  specimens.  The 

is  not  yet  completed 

pesticide  analyses 

• 

on  these 

specimens 

Specimen  number 

Olll 

0112 

0113 

0114 

0115 

0116 

Area  collected 

1 

1 

1 

1 

1 

2 

Date 

5/9 

5/9 

5/10 

5/11 

5/11 

5/11 

Age 

Imm . 

Ad  „ 

Ad . 

Imm , 

Imm . 

Imm . 

Sex 

F 

M 

M 

F 

M 

F 

Weight  in  grams 

201.5 

189 

167 

173 

177 

211.5 

Rhabdometra 

12 

3 

7 

5 

3 

0 

Choano taenia 

0 

0 

0 

0 

0 

0 

Aouavia 

0 

0 

0 

0 

0 

0 

Total  no.  helminths 

12 

3 

7 

5 

3 

0 

Goniodes 

0 

0 

0 

0 

0 

0 

Co linioo la 

0 

0 

0 

0 

X 

0 

Ornithomyia 

0 

0 

0 

0 

0 

0 

Haemaphy  satis 

0 

0 

0 

0 

0 

0 

Emaciation  index 

94.7 

97.8 

97.5 

84.2 

97.4 

— 

< 
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1966  specimens.  The  pesticide  analyses 
is  not  yet  completed. 


Specimen  number 

Area  collected 

Date 

Age 

Sex 

Weight  in  grams 

Rhabdometra 

Choanotaenia 

Aouaria 

Total  no.  helminths 

Goniodes 
Co linioo la 
Ovnithomyia 
Haemaphy salis 

Emaciation  index 


C-117 

C-118 

0119 

2 

1 

1 

5/11 

6/6 

6/6 

I  mm . 

Imm. 

Imm . 

M 

F 

F 

181 

183 

189 

0 

17 

27 

0 

0 

0 

0 

0 

0 

0 

17 

27 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

94.4 

80.0 

100 

on  these  specimens 


0120 

0121 

0122 

1 

1 

3 

6/8 

6/8 

7/20 

Imm, 

Imm . 

Imm . 

F 

M 

F 

209 

175 

188 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

87.5 

84,6 

105.9 

f  i  ■  ».  q 


v  i 
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The  pesticide  analyses  on  these  specimens 


1966  specimens 
is  not  yet  completed 

Specimen  number 

Area  collected 

Date 

Age 

Sex 

Weight  in  grams 

Rhabdometra 

Choanotaenia 

Aouaria 

Total  no.  helminths 

Goniodes 
Colinioola 
Ornithomyia 
Haemaphy salis 

Emaciation  index 


C-123 

0124 

0125 

3 

3 

3 

7/20 

7/20 

7/21 

Imm . 

Imm . 

Imm . 

F 

M 

M 

180 

175 

178 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

100 

— 

85.0 

012  6 

0127 

012  8 

3 

3 

3 

7/25 

7/25 

7/25 

Imm . 

7  wks  , 

7  wks 

M 

F 

M 

171 

91 

92 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

X 

0 

0 

0 

0 

0 

0 

75.0 

77.3 

91.7 

' 
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1966  specimens.  The  pesticide  analyses  on  these  specimens 
is  not  yet  completed. 


Specimen  number 

C-129 

C-130* 

C-131 

C-132 

C-133 

C-134 

Area  collected 

3 

3 

3 

3 

3 

3 

Date 

7/25 

8/1 

8/1 

8/1 

8/1 

8/2 

Age 

7  wks . 

6  wks . 

Ad. 

7  wks . 

10  wks 

.  7  wks 

Sex 

M 

F 

M 

F 

M 

F 

Weight  in  grams 

105 

42 

174 

112 

139 

46 

Rhabdometra 

0 

0 

0 

0 

X 

0 

Choano taenia 

0 

0 

0 

0 

0 

0 

Aauavia 

0 

0 

0 

0 

0 

0 

Total  no.  helminths 

0 

0 

0 

0 

? 

0 

Goniodes 

0 

0 

0 

0 

0 

0 

Coliniao la 

X 

0 

0 

0 

0 

X 

Ovnithomyia 

0 

0 

0 

0 

0 

0 

Haemaphy satis 

0 

0 

0 

0 

0 

0 

Emaciation  index 

91.7 

94.1 

81.8 

87.5 

16.7 

*  C-130  and  C-134  starved  to  death,  autopsied  on  dates  shown 
C-130  collected  July  25,  1966  -  lived  7  days 


C-134  collected  July  25,  1966  -  lived  8  days 


' 


*  - 


- 
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1966  specimens.  The  pesticide  analyses  on  these  specimens 
is  not  yet  completed. 


Specimen  number 

C-135* 

C-136 

C-137 

C-138 

C-139 

C-14 

Area  collected 

3 

3 

3 

1 

1 

3 

Date 

8/5 

8/4 

8/4 

8/6 

8/6 

8/31 

Age 

7  wks  . 

7  wks , 

8  wks . 

9  wks  . 

7  wks . 

Ad . 

Sex 

F 

F 

F 

M 

F 

M 

Weight  in  grams 

64 

104 

113 

104 

99 

152 

Rhabdometra 

0 

0 

0 

0 

0 

0 

Choanotaenia 

0 

0 

1 

0 

0 

0 

Aouavia 

0 

0 

0 

0 

0 

0 

Total  no.  helminths 

0 

0 

1 

0 

0 

0 

Goniodes 

0 

0 

0 

0 

0 

0 

Colinioo la 

0 

X 

X 

0 

0 

0 

Ornithomyia 

0 

0 

0 

0 

0 

0 

Haemaphy  satis 

0 

0 

0 

0 

0 

0 

Emaciation  index 

_ 

75.0 

85.7 

85  0  7 

78.6 

85.7 

*  C-135  starved  to  death,  autopsied  on  date  shown 
C-135  collected  July  25,  1966  -  lived  11  days 


V 

1 
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1966  specimens.  The  pesticide  analyses  on  these  specimens 
is  not  yet  completed. 


Specimen  humber 

0141 

Area  collected 

1 

Date 

9/3 

Age 

7  wks , 

Sex 

M 

Weight  in  grams 

119 

Rhabaometra 

0 

Choano taenia 

0 

Aauavia 

0 

Total  no.  helminths 

0 

Goniodes 

0 

Colinico la 

0 

Ornithomyia 

0 

Haemaphy sails 

0 

Emaciation  index 

84.6 

